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EXPANDABLE CONNECTOR 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a ntunber of casings are 
5 installed in the borehole to prevent oolk^ne of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the bordiole. The borehole ia drilled in intervals whereby a 
casing which is to be installed in a lower borehole interval is lowered throu^ a 
previously installed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower interval is of smaller diameter than the 
casing of the uppv interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole wall As a consequence of this nested 
15 asorangraient a relatively large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
20 changes due to large variations in hole diameters drilled in the course of the 
wdl, and the large volume of cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed 
that t^iucally includes a surface casing, a number of production and/or drilling 
spools, vahdng, and a Christmas tree. Typical^ the wellhead further includes a 
25 concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically supported using load 
bearing slips positioned above the ground. The convoitional design and 
construction of wellheads is expensive and complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of 
30 a wellbore. Typtcally,'the wellbore is drilled and then a wellbore casing is 
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formed in the newly drilled section of the wellbore. This delays the completion 
of a well. 

The present invention is directed to overcoming one or more of the 
limitations of the eausting procedures for forming wellbores and wellheads. 
5 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a 
mandrel in the borehole, ii^ecting fluidic material into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the 
10 mandrel. 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that includes drillmg out a new section of 
the borehole a4jacent to the already existing casing. A tubular liner and a 
mandrel are then placed into the new section of the borehole with the tubular 
15 liner overlapping an aheady existing casing. A hardmable fluidic sealing 
material is injected into an annular region between the tubular liner and the 
new section of the borehole. The annular r^on between the tubular liner and 
the new section of the borehole is then fluidic^ isolated from an interior r^on 
of the tubular liner below the mandrel. A non hardenable fluidic material is 
20 then injected into the interior region of the tubular liner below the mandrel. 
The tubular liner is extruded ofif of the mandrel. The overlap between the 
tubular liner and the alrea^jr existing casing is sealed. The tubular liner is 
supported by overlap with the abneady existing casing. The mandrel ia removed 
from the bordude. The integrity of the seal of the overlap between the tubular 
25 liner and the abeaf^eodstingaau&g is tested. At least a port^ 

quantity of the hardenable fluidic sealing matmal is removed from the interior 
of the tubular liner. The remaining portions of the fluidic hardenable fluidic 
sealing material are cured. At least a portion of cured fluidic hardenable sealing 
material within the tubular liner ia removed 
30 According to another aspect of the present invmtion, an apparatus for 

expanding a tubular member is provided that includes a support memb^ , a 
mandrel, a tubular member, and a shoe. The support member includes a Qrst 
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fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular memb^- is coupled to the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubular member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coujded to the first and seoond fluid passages. 

10 The expandable mandrel is coupled to the support member and includes a third 
fluid passage. The tubular member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid passage. The at least one sealing member is adapted to 
prevent the entry of fordgn material into an interior region of the tubular 

15 member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior 
20 region of the second tubular member. A portion of an interior region of the 
second tubular member is pressurized and the second tubular member is 
extruded off of the mandrel into engagement with the first t^iKMlyr member. 

According to another aspect of the present inventiont a tabular liner is 
provided that includes an awntii^f member having one or mwe sealing members 
25 at an &id portion of the <inniiiMf member, and one or more pressure relief 
passages at an end portion of the annular member. 

According to another aspect of the present invention^ a wdlbore casing is 
provided that includes a tubidar liner and an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
30 tubular liner ofT of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and 

3- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



an annular body of cured fluidic sealing material. The tubular liner is formed 
by the process of extruding the tubular liner ofiTof a mandrel. The annular 
body of a cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an ^paratus .for 
5 expanding a tubular member is provided that includes a support member, a 
mandrel, a tubiilar member and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
includes a second fluid passage operably coupled to the first fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 
10 drillable. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular member. The shoe includes a third fluid passage operably 
coupled to the second fluid passage, an interior portion, and an exterior portion. 
The interior portion of the shoe is drillable. 

According to another aspect of the present ihv^tion, a wellhead is 
15 provided that includes an outer casing and a plurality of concentric inner 
casings coupled to the outer casing. Eadi inner casing is supported by contact 
pressure between an outer surface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that include an outer casing at least partial^ positioned within a 
weUbore and a plurality of substantially concentric inner casungs coupled to the 
interior surface of the outer casing. One or more of the inner casingB are 
coupled to the outer casing by expanding one or more of the inner casings into 
contact with at least a portion of the interior surfiaoe of the outer casing. 
25 According to another aspect of the present invention, a method of 

forming a wdlhead is provided that inchtdes drilling a weUbore. An outer 
casing is positioned at least partiaUy within an upper portion of the wellbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the first tubular member is expanded into contact with an interior surfiaice of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular memberr and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressure between an outer surface of the inner casing and an inner surface of 
the outer inner tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a plurality of 
substantially concentric inner tubular members coupled to the intCTior surface 
10 of the outer tubular member 1^ the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the present invention^ a weilbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an overl^ping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present invention, a weilbore casing is 
provided that includes a tubular member induding at least one ♦jim wall section 
20 and a thick wall section, and a compressible annular member coupled to each 
thin wall section. 

According to anothw aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and a mandrd in the borehole using a 
25 support m^nber. A fluidic material is injected into the borehole. An interior 
region of the mandrel is pressurized A portion of the mandrd is diq>laced 
relative to the support member. The tubular liner is expanded. 

According to another aspect of the present invention, a weilbore casing is 
provided that includes a first tubular m&nba having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter coupled to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of deforming a portion of the second tubular member into contact 
with a portion qf the first tubular meinber 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member 
5 including a fluid passage* a mandrel movabfy coupled to the support member 
induding an expansion cone, at least one pressiire chamber defined by and 
positioned betwe^ the support member and mandrel fluididy coupled to the 
first fluid passage, and one or more rdeasable supports coupled to the support 
member adi4>ted to support the tubular member, 
10 According to another aspect of the present invention, an apparatus is 

provided that indudes one or inore solid tubular mraibers, each solid tubular 
member induding one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to one of the 
slotted tubular members. 
15 According to another aspect of the present invention, a method of joining 

a second tubular member to a first tubular member, the first tubular member 
having an inner diametw greater than an outer diameter of the second tubular 
member is provided that indudes positioning a mandrel within an interior 
regionof the second tabular member* A portion ofthe interior region of the 
20 mandrel is pressurized. The mandrel is displaced relafive to the second tubular 
member. At least a portion of the second tubular member is extruded off of the 
mandrel into engagement with the first tubular member. 

Aooordiiig.to another aspect of the present invention, an apparatus is 
provided that indudes one or more primary solid tubulars, each primary solid 
25 tubular induding one or more external annular seals, n slotted tubulars coupled 
to the primaxy solid tubulars, n-1 intennediate solid tubulars coupled to and 
interleaved among the slotted tubulars, each intermediate solid tubular 
induding one or more external atinniay seals, and a shoe coupled to one of the 
slotted tubulars. 

30 According to another aspect of the present invention, a method of 

isolating a first subterranean zone from a second subtoranean zone in a 
wellbore is provided that indudes positioning one or more primazy solid 
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tubulara within the wellbore, the primary solid tubuiars traversing the first 
subterranean zone. One or more slotted tubiilars are abo poaitioned within the 
wellbore, the slotted tubuiars trav^sing the second subterranean zone. The 
slotted tubuiars and the soUd tubuiars are fluididy coupled. The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubuiars ia prevented. 

According to another aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a weUbore, at least 
a portion of the wellbore including a casing, is provided that includes 
10 posidoning one or more priniaiy soUd tubuiars within the wellbore. The 
primary solid tubuiars with the casing are fluididy coupled. One or more 
slotted tubuiars are positioned within the wellbore, the slotted tubuiars 
traversing the producing subterranean zone. The slotted tubuiars are fluididy 
coupled with the solid tubuiars. The producing subterranean zone is fluididy 
15 isolated from at least one other subterranean zone within the wellbore. At least 
one of the slotted tubuiars is fluididy isolated from the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that indudes installing a tubular liner, a mandrel, and a drilling assembly in 
the borehole. A fluidic material is injected within the tubular liner, mandrd 
and drilling assembly. At least a portion of the tubular liner is radially 
expanded iKdiile the borehole is drilled using the drilling assembly. In a 
preferred embodiment, the iiyecting indudes ii^ecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of the preset invention, an apparatus is 
also provided that indudes a support member, the support member induding a 
first fluid passage; a mandrd coupled to the support member, the mandrd 
induding: a second fluid passage; a tubular member coupled to the mandrd; 

30 and a shoe coupled to the tubular liner, the shoe induding a third fluid passage; 
and a drilling asaembfy coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assembly are operably coupled. 
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According to another aspect of the present invention, a method of 
forming an underground pipeline within an underground tunnel including at 
least a first tubular member and a second tubular menlber, the first tubular 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that includes positioning the first tubular 
member within the tunnel; positioning the second tubular member within the 
tunnel in an overlapping relationship with the first tubular member; 
positioning a mandrel and a drilling assanbly within an interior r^on of the 
second tubular member; injecting a fluidic matoial within the mandrel, drilling 
10 assembly and the second tubular member; extruding at least a portion of the 
second tubular menober off of the mandrel into engagement with the first 
tubular member; and drilling the tunnel. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a vreJlbore, the weUbore formed by the process of 

15 drilling the wellbore; and a tubular liner positioned within the wellbore, the 
tubular liner formed by the prooess of extruding the tubular liner off of a 
mandrel while drilling the wellbore. In a preferred embodiment^ the tubular 
liner is formed by the prooess of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the tubular Uner. 

20 According to another aspect of the present invention, a method of 

forming a wellbore casing in a wellbore is also provided that includes drilling 
out the wellbore wtdlB forming the wellbore casing. 

Aooording to another aspect of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrd within 

25 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invoition, a method of 
coupling a tubular member to preexisting structure is provided that includes 
positioning the tubular member in an overlapping relationship to the 

30 preexisting strucbxre, placing a mandrel within the tubular member, 

pressurizing an anpular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 
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According to another aspect of the present invention^ a method of 
repairing a defect in a preezistrngstntctore using a tubular member is provided 
that includes positioning the tubular maober in an overlapping relationship to 
the defect in the preexisting structure, placing a mandrel within the tubular 
5 member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 
member, a second tubular member positioned within the first tubular member, 
10 a third tubular member movably coupled to and positioned within the second 
tubular member, a first atiniiiftr sealing memlm* for sealing an interface 
between the first and second tubular membei9, a second annular sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubular member and 
15 coupled to an end of the third tubular monber. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular mCTiber, a piston adapted to expand the 
diameter of the tubular member positioned within the tubular member, and an 
annular chamber defined by the piston and tubular member. The piston 
20 includes a passage for conveying fluids put of the tubuliar member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 
25 member in an overlapping relationship to the first tubular monber, placing a 
mandrel within the second tubular member, pressurizing an ann ular region 
within the second tubular membCT, and Hiapioi^jtig the mandrel with respect to 
the second tubular member. 

According to another aspect of the present invention, an apparatus is 
30 provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
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relationship to the preexistmg structure, pladng a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 
The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
rdationship to the defect in the preexisting structure, placing a mandrel within 

10 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within 
the tubular member, pressurizing a region within the tubular member; and 

15 displacing the mandrel with respect to the tubular membw. 

According to another aspect of the present invention, a method of 
coupling a tubular member to preeadsting structure has been provided that 
includes positioning the tubular member in an overlapping relationship to the 
preeadsting structurep placing a mandrel within the tubular member, 

20 pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 

According to.another aspect of the present invention, a method of 
repairing a defect in a preexisting structure using a tubular member i^^ 
that indudes positioning the tubular memba in an overlapping relationahip to 

25 the defect in the preexisting structure placing a noandrel within th^ 
member, pressurizing an interior region within the ttihular membCT, and 
displacing the mandrel with respect to the tubular mmber. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular monber is provided that includes a first tubular 

30 member, a second tubular member coupled to the first tubular member, a third 
tubular member coupled to the second tubular member, and a mandrel 
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positioDed within the second tubular member and coupled to an end portion of 
the third tabular member. 

Accordini^ to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
5 diameter of the tubular member positioned within the tubular member, the 
piston including a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular measher. The second tubular member is coupled to 
10 the first tubular member by the process of: positioning the second tubular 
member in an overli^ping relationship to the first tubular moober, placing a 
mandrel within the second tubular member, pressurizing an intmor region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 
15 According to another aspect of the present invention, an apparatus is 

provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process o£ positioning the tubular member in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 
20 member; presstnrizing an interior region within the tubular member, and 
displacing the mandrd with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 
25 The tubular member is coupled to the defective portion of Uie preexisting 
structure by the proceas of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular member, pressurizing an interior region within the tubular 
member, and displacing the mandrd with respect to the tubular member. 
30 According to another aspect of the invention, an aqnparatus is provided 

that includes a first tubular member, a second tubular member, and a threaded 
connection for coupling the first tubular member to the second tubular 
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member. The threaded connection includes one or more sealing members for 
sealing the interface between the Grst and second tubular members. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular assemb^ having a Grst tubular member, a 
5 second tubular memberi and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
and second tubular members. The tubular assemb^ ia formed by the process of 
radially expanding the tubular assembly. 
10 According to another aspect of the present invention, an apparatus is 

provided that includes a tubular member and a mandrd positioned within the 
tubular member that includes a conical surface have an angle of attadL ranging 
from about 10 to 30 degrees. 

Brief Description of the Drawings 
15 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole. 

PIG. 2 is a fragmentary cross-8ecti(mal view illuBtrating the placement of 
an embodimrat of an apparatus for creating a casing within the new section of 
the well borehole. 

20 FIG. 3 is a fragmentary crosa-sectional view illustrating the injection of a 

first quantity of a fluidic material into the new section of the well borehole. 
FIG. 3a 18 another fragmentary cross-sectional view illustrating the 

iruection of a first quantity of a hardenable fluidic sealing material into the new 

section of the wdl borehole. 
25 FIG. 4 ia afragmentaiy cross-sectional view iDuatrating the ii^jection of a 

second quantity of a fluidic material into the new section <st the well borehole. 
FIG. 5 ia a fragmentary cross-sectional view illuatrating the drilling out 

of a portion of the cured hardenable fluidic sealing material &t>m the new 

section of the well bordiole. 
30 FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

betwem a4jacent tabular mmbers. 
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FIG. 7 is a fragmeataiy Gross-sectional view of a preferred embodiment 
of the apparatus for ot^ting a.^aaing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of tiie placement of an 
expanded tubular member within another tubular member. 
5 PIG. 9 is a cross-sectional illustration of a preferred embodiment of an 

apparatus for forming a casing including a driUable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-eectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic 
15 sealing material into the annular region between the tubular m^nber and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member below the mandrel. 

FIG. lOe is a cross-sectimial illustration of the extrusion of the tubular 
20 member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-badt liner 
created using an expandable tubular memba. 
25 FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of 
a new section of a well borehole. 

FIG. lib is a fragmentary cross-eectional view illustrating the placement 
of an embodiment of an apparatus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. lie is a fragmCTitaiy cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 
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PIG. lid is a fragmentary cross-sectional view illustrating the 
introduction of ,a wiper dart into the new section of the well borehole. 

FIG. 11© is a firagmentary croM-sectional view iDustrating the iiyection of 
a second quantity of a hardenable fluidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentary cross-aectional view illustrating the completion 
of the tubular liner. 

FIG. 12 is a cross-sectional iOustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 
10 PIG. IS is a partial cross-sectional illustration of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbbre casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter 
wellbore casing. 

FIG. 14d is another illustration of the formation of the mono-diameter 
welbore casing. 

20 FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of Hie mono-diametCT 
welbore casing. 

FIG. 15 IB an illustration of an embodiment of an apparatus for 
25 "Pending ■ faiKi J ay mffmbffr. 

FIG. 15a is another illustration of the ^iparatus of FIG. 15. 
FIG. 15b is another illustration of the apparatus of FIG. 15. 
FIG. 16 is an illustration of an onbodiment of an apparatus for forming a 
mono-diameter wdlbore casing. 
30 FIG. 17 is an illustration of an embodiment of nn apparatus for 

expanding a tubular inember. 

FIG. 17a is another illustration of the apparatus of FIG. 16. 
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FIG. 17b is another illustration of the apparatus of FIG. 16. 
FIG. 18 ia an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 
FIG. 19b is another illustration of the apparatus of FIG. 17. 
na2o is an illustration of an embodiment of an apparatus for forming a 
mono*diameter wellbore casing. 
10 FIG. 21 is an illustration of the isolation of subterranean zones "»i ng 

expandable tubulars. 

FIG. 22a is a fragmentaiy cross-sectional illustration, of an embodiment 
of an ^paratus for forming a wellbore casing while drilling a welbore. 
FIG. 22b is another fragmentaiy cross-sectional illustration of the 
15 ^paratus of FIG. 22a. 

FIG. 22c ia another fragmentary cross-sectional illustration of the 
^paratias of FIG. 22a. 

FIG. 22d is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fragmentaiy cross-section illustration of an embodiment of 

an apparatus and method for expanding tubular members. 

FIG. 23b is another fragmentaiy cross-sectional illustration of the 
apparatus of FIG. 23a. 

FIG. 2Sc is another fragmentary crosa-aectional iUustration of the 
25 apparatus of FIG. 23a. 

PIG. 24a is a fiagmmtaiy cross-section illustration of an embodimrat of 
an apparatus and method for expanding tubular members. 

FIG. 24b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 
30 FIG. 24c is anotiier fragmentary cross-sectional illustration of the 

apparatus of FIG. ^a.^ 
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FIG. 24d ia another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24fL 

FIG. 24e is another firagmentaiy cross-sectional illustration of the 
apparatus of FIG. 24a. 
5 FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between 
propagation pressure and the angle of attack of the expansion mandrel. 

FIG. 27 is a cross-sectional iUustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

IS FIG. 30 is a crosa-sedional illustration of another embodiment of an 

expandable connector. 

Detailed Description of the Illustrative Embodiments 
An s^paratus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method pomits a 

20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member.. The apparatus and method further permits ai|jaoent tub 
members in the wellbore to be joined using an overlapping joint that prevmts 

25 fluid and or gas passage. The apparatus and method further permits a new 
tubular member to be supported by an existing tabular member by expanding 
the new tubular member into engagement with the existing tubular member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 

30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The apparatus and method 
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permits a tie-back liner to be created by extruding a tubular member oflf of a 
mandrel by .pre88uri:9ng and interior portion of the tubular member. In this 
manner, a tie-back liner is produced. The apparatus and method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlapping joint that prevents fluid and/or gas passage. The apparatus and 
method further permits a new tubular member to be supported 1^ an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tubular member. 

An apparatus and method for expanding a tubular member is aig/* 
10 provided that includes an expandable tubular member, mandrel and a shoe. In 
a preferred embodiment, the interior portions of the apparatUB is composed of 
materials that permit the interior portions to be removed uaing a conventional 
drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the q>paratu8 may be easily removed. 
15 An apparatus and method for hanging an expandable tubular liner in a 

wellbore is also provided. The apparatus and method permit a tubular liner to 
be attached to an existing section of casing. The apparatus and method further 
have application to the joining of tubular members in general. 

An apparatus and method for forming a wellhead system is also provided. 
20 The apparatus and method permit a wellhead to be formed including a number 
of expandable tubular members positioned in a concentric arrangement The 
wellhead preferab^ includes an outer casing that supports a plurality of 
concentric casings using contact pressure between the inner casings and the 
outer casing. The resulting wellhead system <ilimini>tp^ many of Uie spools 
25 conventionally required, reduces the hei^t of the Christmas tree facilitating 
servicing, 1o?7ot the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates costly and expensive hanger SFystems. 

An apparatus and method for forming a mono-diameter well casing is 
also provided. The apparatus and method permit the creation of a well casing 
30 in a wellbore having a substantially constant internal dimieter. In this 
manner, the operation of an oil or gas well is greatfy simplified. 
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An apparatus and method for expanding tubular members is aiso 
provided. The apparatus and method utilize a piston-cylinder configuration in 
which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In this manner, higher operating pressures can be utilized. 
5 Throughout the radial expansion process, the tubular member is never placed 
in direct contact with the operating pressures. In this manner, damage to the 
tubular member is prevented while also permitting controlled radial expansion 
of the tubular member in a wellbore. 

An apparatus and method for forming a mono-diameter wellbore casing 
10 is also provided. The apparatus and method utilize a piston-cylinder 

configuration in which a pressurized chamb^ is used to drive a mandiel to 
radially expand tubular members. In this manner, higher operating pressures 
can be utilized. Throu|^put the radial expansion process, the tubular member 
is never placed in direct contact with the operating pressures. In thw manner, 
15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
firom one or more other subtearranean zones ia also provided. The apparatus 
and method permits a producing zone to be isolated from a nonprodadng zone 
20 using a combination of aolid and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and methods using 
a series of packers^ aolid tubing, perforated tubing, and sliding sleeves, which 
will be inserted into the disclosed apparatus to permit the oommin^ing and/or 
25 isolation of the subterranean zones from eadi oth«. 

An apparatus and method for forming a wellbore casing while the 
wellbore is drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneoua with the drilling out of a new section of the wellbore. In a 
preferred wibodiment, the qsparatus and method is used in combination with 
30 one or more of the apparatus and methods disclosed in the present disclosure 
for forming wdlbore cssingB using expandable tubulara. Alternatively, the 



- 18- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



method and apparatus can be used to create a pipeline or tunnel in a time 
e&ident manner. 

An espandable connector is also provided. In a ixreferred 
implementation, the eqiandable connector is used in conjunction -with one or 
5 more of the disdosed embodiments for expanding tubular members. In this 
manner, the expansion of a plurality of tubular munbers coupled to one 
another using the expandable connector is optimized. - 

In several alternative embodiments, the apparatus and methods are used 
to form or rq»ir wellbore casings, pipelines, and/or structural supports. 
10 Referring initially to Figs. 1-5, an ^nbodiment of an apparatus and 

method for forming a wellbore casing within a subterranean formation will now 
be described. As illustrated in Fig. 1, a wellbore 100 is positioned in a 
subterranean formation 105. The wellbore 100 includes an existing cased 
section 110 having a tubular casing 115 and an annn^r outer layer of cement 
15 120. 

In order to extend the wdlbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 190. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

20 a subterranean formation is then positioned in the new section 130 of the 

weUbore 100. The €4)paratus 200 preferably includes an expandable mandrel or 
pig 205, a tubular member 210, a shoe 215, a lower cup seal 220, an upper cup 
seal 225, a fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, 
and a support manber 250. 

25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adspted to controUably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially avaflable expandable mandrels modified 
in accordance with the teadiings of the present disclosure. In a preferred 

30 embodimenti the expandable mandrel 205 comprises a hydraulic expansion tool 
as disdosed in US. Patent No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of 
the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member 210 is expanded in the radial directioa and extruded off of 
5 the expandable mandrel 205. The tubular member 210 may be fabricated from 
any number of conventional commercially available materials such as, for 
example, Oilfield Coimtry Tubular Goods (OCTG), 13 chromium steel 
tubing/casing, or plastic tubing^casing. In a preferred embodiment, the tubular 
member 210 is fabricated from OCTG in order to maximize strength after 

10 expansion. The inner and outer diameters of the tubular menober 210 may 
range, for example, fiDm approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 210 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in the most 

15 commonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment, the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 215 ia coui^ed to the expandable mandrel 205 and the tubular 

25 member 210. The shoe 215 indudea fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes sudi as, for 
example. Super Seal II float shoe. Super Seal II Oown-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 210 in the wellbore, optimally provide as adequate 
seal between the interior and exterior diameters of the overlapping joint 
between the tubular members, and to optimally allow the con4>lete drill out of 
the shoe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment, the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
10 embodiment, the shoe 215 includes the fluid passage 240 having an inlet 

geometry that can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by introdudng a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coufried to and supported by the support 
15 member 250. The lower cup seal 220 prevents foreign mAteriala from entering 
the interior region of the tubular member 210 adjacent to the expandable 
mandrel 205. The lower cup seal 220 may comprise any number of 
conventional conunerdally available cup seals such as, for example, TP cups, or 
Selective lAjection Packer (SIP) cups modified in accordance with the teachings 
20 of the pr^ent disclosure. In a preferred embodiment, the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Enogy Services in Dallas, 
TX in order to optimally block foreign material and contain a body of lubricant. 

The upper cup seal 225 is coupled to and supported by the support 
member 250. The upper cup seal 225 prev»t8 foreign gn**^"«?p from entering 
25 theinteriorregionof the tubular member 210. The upper cup seal 225 may 
comprise any number of conventional commeraaUy available cup seals such as, 
for example, TP ci^is or SIP cups modified in aooordanoe with the teachings of 
the present disclosure. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup, avaflable from Halliburton Energy Services in Dallas, TX 
30 in order to optimally block the entry of foreign ma^ri^^h and contain a body of 
lubricant. 
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The fluid passage 230 pennits fluidic materials to be transported to and 
from the interior region of the ^ular member 210 below the expandable 
mandrel 206. The fluid passage 230 is coupled to and positioned within the 
support member 250 and the expandable mandrel 205. The fluid passage 230 
5 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the apparatus 200. 

The fluid passage 230 is preferably selected, in the casing nmning mode 
of operation, to transport matmala such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gallona/minute and 0 to 
9,000 psi in order to minimize drag on the tubular member being run and to 
minimize surge pressures exerted on the wellbore which could cause a loss of 
wellbore fluids and lead to hole ooUiqne. 

The fluid passage 235 permits fluidic materials to be released from the 
15 fluid passage 230. In this manna*, dmring placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic fnM»»in|n 255 forced up 
the fluid passage 230 can be released into the wellbore 100 above the tubular 
member 210 ther^ minimizing surge pressures on the wellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support mtmber 
20 250. The fluid passage is further flttidicb^ coupled to the fluid passage 230. 

The fluid passage 235 prrferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a preferred embodiment, the 
control vatve ia pressure activated in order to controllably minimize surge 
pressurea. The fluid passage 235 is preferabfy positioned substantial^ 
25 orthogonal to Oiacenteriine of the apparatus 200. 

The fluid passage 236 is preferably selected to convey fluidic materials at 
flow rates and pressurea ranging from about 0 to 3,000 gallona/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during ins^on into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
30 new wellbora section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication .with the interior region of the tubular member 210 below the 
expandable mandrd 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 
5 240 to thereby block further passage of fluidic materials. In this manner, the 
interior region of the tubular member 210 below the expandable mandrel 20S 
can be fluidic|y isolated from the region exterior to the tubular member 210. 
This permits the interior region of the tubular member 210 below the 
expandable mandrel 205 to be pressurised. The fluid passage 240 is preferably 
10 positioned substantiaUy along the centerline of the apparatus 200. 

The Quid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallona^ninute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member 210 and the new section 130 of the 
15 weUbore 100 with fluidic materials* In a preferred embodiment, the fluid 
passage 240 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 240 can be sealed oftby 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are coupled to and supported by an end portion 260 of the 
20 tubular memJber 210. The seals 245 are further positiokied on an outer surface 
265 of the end portion 260 of the tubular member 210. The seals 245 permit 
the overi^ping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular member 210 to be fluididy sealed* The seals 245 
may com^nriBe any number of convmtional commercially available seals such as, 
25 for example, lead, rubber. Teflon, or epoxy seals modified in accordance with 
the ti>Arh^ngff of the present disclosure. In a preferred embodiment, the seals 
245 are molded from Stratalock epaxy available bom Halliburton Energy 
Services in Dallas, TX in ord^ to optimally provide a load bearing interference 
fit between the end 260 of the tubular membor 210 and the end 270 of the 
30 existing casing 115. 

In a preferred dmbodiment, the seals 245 are selected to optimaUy 
provide a sufficient frictional force to support the expanded tubular member 
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210 Groin the existing casing 115. In a preferred embodiment, the frictional 
force optimally provided by the seals 245 ranges from about 1,000 to 1,000,000 
Ibf in order to optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seab 220 and 225. The support member 
250 preferably comprises an annular member having suf&dexit strength to 
carry the apparatus 200 into the new section 130 of the wellbore 100. In a 
preferred embodiment, the-support member 250 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200. 
10 In a preferred embodiment, the support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular member 210 
off of the expandable mandrel 205 is facilitated. The lubricant 275 may 
15 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Anttsieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum 
20 lubrication to fadliate the expansion process. 

In a preferred onbodiment^ the support member 250 is thorou^i(y 
cleaned prior to aasemb^y to the nwiaining portions of the apparatus 200. In 
this manner, the introduction of foreign material into the apparatus 200 is 
minimiied. This minhnizea the pogsflbility of foreign material clogging the 
25 various flowpa884ge8andvalveBoftheq>parata8 200. 

In a preferred embodiment, before or after positioning the appmbas 200 
within the new section ISO of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign matmals are located within the 
wdlbore 100 that might clog up the various flow passages and valves of the 
30 apparatus 200 and to ensure that no foreign matarial interferes with the 
expansion process.. 
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A3 illustrated in Fig. 3, the fluid passage 235 is then dosed and a 
hardenable fluidic sealing material 305 is then pumped firom a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the ioterior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 then passes from the intmor region 
310 into the fluid passage 240. The material 305 then eodts the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section 130 of the wellbore 100. Continued 
pumping of the material 305 causes the material 305 to fill up at least a portion 
10 of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallonsAnin, respectivdy. The optimum flow rate and operating 
pressures vaiy as a function of the casing and wellbore sizes, wellbore section 
15 length, available pumping equipment, and fluid properties of the fluidic 
material being pumped. The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
20 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
spedfically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 
210 while also maintaining optimiun flow duTacteristics so as to minimize 
25 difficulties during the displaoement of cement in the nnn nlar region 315. The 
optimum blend of the blended cement is prrferably detennined using 
conventional empirical methods. 

The annular r^on 315 preferably is filled with the material 305 in 
sufficient quantities to ensure that, upon radial expansion of the tubular 
30 member 210, the annular region 315 of the new section 130 of the wellbore 100 
will be filled with material 305. 
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In a particularly preferred embodiment, as illustrated in Pig. 3a, the wall 
thickness and/or the outer diameter, of the tubular member 210 is reduced in 
the region acljacent to the mandrel 205 in order optimally permit placement of 
the apparatus 200 in positions in the wellbore with tight clearances. 
5 Furthermore, in this manner, the initiation of the radial expansion of the 
txibular member 210 dining the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
filled with material 305, a plug 405, or other similar device, is introduced into 
the fluid passage 240 thereby fluididy isolating the interior region 310 from the 
10 annular region 315. In a preferred embodiment, a non-hardenable fluidic 
material 306 is then piunped into the interior r^on 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will hot contain significant amounts of cured material 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the material 
15 305 may be used during this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded off of 
the expandable mandrel 205. During the extrusion process, the expandable 
mandrel 205 may be raised out of the expanded portion the tubular member 
210. In a preferred embodiment^ during the extrusion process, the mandrel 205 
20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubular member 210 stationary relative to the new wellbore 
section 130. In an alternative prrferred embodiment, the extrusion process is 
commenced witii the tubular member 210 positioned above the bottom of the 
new wellbore section 130, keeping the mandrel 205 stationary, and allowing the 
25 tubular member 210 to extrude off of the mandrdl 205 and fall down the new 
wellbore section ISO under the force of gravity. 

The plug 405 is preferably placed in to the fluid passage 240 by 
introducing the plug 405 into the fluid passage 280 at a surface location in a 
conventional manner. The plug 405 prrferably acts to fluidicly isolate the 
30 hardenable fluidic sealing material 906 from the non kardmable fluidic 
material 306. 



-26- 

SUBSHTUTE SHEET (RULE 26) 



wo 0007431 



PCT/ILOO/00245 



The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example. Multiple 
Stage Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the t.eachiTiB8 of the present 
5 disclosure. In a preferred embodiment, the plug 405 comprises a MSG latch- 
down plug available from Halliburton En»^ Services in Dallas, TX. 

After placement of ihe plug 405 in the fluid passage 240» a non 
hardenable fluidic matmal' 306 is preferably pumped into the interior region 
310 at pressures and flow rates ranging, for example, from approximately 400 to 
10 10,000 psi and SO to 4,000 gallons/min. In this manner, the amount of 
hardenable fluidic sealing material within the interior 310 of the tubular 
meinber 210 is minimized. In a preferred onbodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably 
pumped into the interior region 310 at pressures and flow rates ranging from 
15 approximately 500 to 9,000 psi and 40 to 3,000 gallona/min in order to 
maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adj^ited to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These eSects will dqiend upon the geometary of the 
20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
wall »in>kn«M of the tubular member 210, the type of lubricant, and the yield 
strength of the tubular memb^ 210. In gweral, the thicker the wall thickness, 
the smaller the inner diametw, and the greater the yield strength of the tubular 
25 member 210, then the greater the operating pressures required to extrude the 
tubular member 210 ofif of the mandrd 205. 

For ^iHcal tubular members 210, the extrusion of the tubular monber 
210 off of the expandable mandrel will begin when the pressure of the interior 
region 310 reaches, for example, approximate^ 500 to 9,000 psi. 
30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of tiie tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the 
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eztrusioD process, the expandable mandrel 205 is raised out of. the expanded 
portion of the tubular member. 210 atrates ranging from about 0 to 2 fVsec in 
order to minimize the time required for the expansion jprocess while also 
permitting easy control of the expansion process. 
5 When the end portion 260 of the tubular member 210 is extruded ofiT of 

the expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint The 
contact presswe of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overlapping joint ranges from approximately 400 to 10,000 psi in 
order to provide optimum pressure to activate the annular sealing members 245 
and optimally provide resistance to axial motion to accommodate typical tensile ' 
and compressive loads* 

15 The overlapping joint between the section 410 of the existing casing 1 15 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overleaping 
joint 

20 In a preferred embodiment, the operating pre88i]ire and flow rate of the 

non hardmable fluidic material 306 is controUaUy ran4>ed down when the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden rdeaae of pressure caused by the complete 
extrusion of the tubular member 210 off of the expandable mandrel 205 can be 

25 minimwpd In a preferred embodiment, the operating pressure is reduced in a 
substantiaUy linear faahion from 100% to about 10% during the end of the 
extrusion process b^;inningi^m the mandrd 205 is within about 5 feet frt)m 
completion of the extrusion process. 

Alternatively, or in combination, a shodk absorber is provided in the 

30 support member 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shodc absorber adapted for use in wellbore operations. 
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Alternatively, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the weUbore 100. In a preferred embodiment, either before or 
aaer the removal of the acpandable mandrel 206, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubuhir member 
210 and the lower portion 270 of the casing 115 is tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upper portion 260 

of the tubular member 210 and the lower portion 270 of the casing 115 is 
satisfactory, then any uncured portion of the material 305 within the expanded 
tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded 

15 tubular member 210. The mandrel 205 is then pulled out of the wellbore 
section 130 and a drill bit or mill is used in combination with a conventional 
drilling assembly 505 to drill out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then allowed 
to cure. 

20 As illustrated in Pig. 5, preferably any remaning cured material 305 

within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional driU string 506. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
annular layer 515 of cured material 305. The bottom portion of the apparatus 

25 200 comprising the shoe 215 and dart 405 may then be removed by drilling out 
the shoe 215 and dart 405 using conventional drilling methods. 

In a preferred embodimwt, as illustrated in Kg. 6, the upper portion 260 
of toe tubulsr membv 210 includes one or more sealing members 605 and one 
or more pressure relief holes 610. In this manner, the overlapping joint 

30 between the lower portion 270 of the casing 1 15 and the upper portion 260 of 
the tubular member 210 is pressure-tight and the pressure on the interior and 
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esterior surfaces of the tubiUar member 210 is equalized during the extrusioD 
process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubiilar member 210. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tubular member 210. The 
pressure relief holes reduce the operating pressures required to expand the 

10 upper portion 260 of the tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire ^paratus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing witiiin a wellbore preferably includes an 
expandable mandrel or pig 705» an expandable mandrd or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765, 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is ftirther coupled to the expandable 
mandrel container 710. The expandable mandrel 706 is prefierabiy adapted to 

25 controUab^ ecqiand in a radial direction. The expandable mandrel 705 may 
comprise any number of conv^tional commercially available expandable 
mandrels modified in aooordance with the teachings of the present disdosure. 
In a prrferred embodiment^ the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in VS. Pat No. 5,348,095» the 

SO contents of which are incorporated herein by reference, modified in accordance 
with the teachings .of the present disdosxnre. 
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The expandable mandrel container 710 is coupled to and supported by 
the support memb^ 745. The expandable mandrel container 710 is ftnther 
coupled to the expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any number of conventional commercial^ available 
5 materials such as, for example. Oilfield Country Tubular Goods, stainless steel, 
titanium or high strength steels. In a preferred embodiment, the expandable 
mandrel container 710 is fabricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated. In this 
manner, the container 710 can be fabricated from a tubular material having a 
10 thinner wall thickness than the tubular member 210. This permits the 

container 710 to pass through tight clearances thereby facilitating its placement 
within the wellbore. 

In a preferred ^nbodiment, once the expansion process b^ins, and the 
thicker, lower strength material of the tubular member 715 is expanded, the 
15 outside diameter of the tubular member 715 is greater than the outside 
diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 705 substantially as 
20 described above with reference to Pigs, 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantially 
25 annular cross-section. In a particularly prrferred embodiment, the tubular 
member 715 has a substantiaUy circular annv<«r cross-section. 

The tubular member 715 preferabfy includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 prefioabbr is defined by the region b^^ming in the 
30 vicinity of the mandrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by the region beginning in the vidnity of the top of the 
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mandrel container 710 and ending with the region in the vicinity of the mandrel 
705. The lower.sectioit of the tubul^ member 715 is preferably defined by the 
region beginning in the vicinity of the mandrel 70S and ending at the bottom 
825 of the tubular member 715. 
5 In a preferred embodiment, the wall thickness of the upper section 805 of 

the tubiilar member 715 is greater than the wall thicknesses of Uie 
intermediate and lower sections 810 and 815 of the tubular member 715 in 
order to optimally fadliate the initiation of the extrusion process and optimally 
permit the apparatus 700 to positioned in locations in the wellbore having 

10 ti^t clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, firom about 1,05 to 48 inches and 
1/8 to 2 inches, respectively. In a preferred embodiment, the out^ diameter 
and wall thickness of the upper section 805 of the tubular member 715 range 

15 from about 3.5 to 16 inches and 3/8 to 1.5 indies, respectively. 

The outer diameter and waU thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 2.5 to 50 inches 
and 1/16 to 1.5 inches, respectively. In a preferred embodimenti the outer 
diameter and wall tJiickneaa of the intermediate section 810 of the tubular 

20 member 715 range from about 3.5 to 19 inches and l/8*to 1.25 indies, 
respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 716 may range, for example^ from about 2.5 to 60 inches and 
1/16 to 1^ inches, respective^. In a preferred onbodiment, the outer 

25 diameter and waUthidmess of the lowCT section 810 of the tubular member 715 
rangefromabout3.5 to 19 indies and 1/B to 1.25 inchee, respectively. In a 
particularly preferred embodiment^ the wall thidmesa of the lower section 815 
of the tubular member 715 is Anrther increased to increase the strength of the 
shoe 720 when drillable materials sudi as, for exanqile, aluminum are used. 

30 The tubular member 715 preferably comprises a solid tubular monber. 

In a preferred embodiment, ttie end portion 820 of the tubular member 715 is 
slotted, prorated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tubular member 715. In a preferred 
embodiment, the length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 .to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 fiirther includes an inlet passage 830, and one or 
more jet ports 835. In a particularbr preferred embodiment, the crosa-sectional 
10 shape of the inlet passage 830 is adapted to receive a latdi-down dart, or other 
similar elements, for blocking the inlet passage 880. The interior of the shoe 
720 preferab^ includes a body of solid material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the bo^y of solid 
material 840 comprises altuninum. 

15 The shoe 720 may comprise any number of conventional oommerdality 

available shoes such aa, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 

20 down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimize 
guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an Awiniiftg weilbare casing, and to optimally fi»r'iKaf^ 
the removal of the ahoe 720 by drilling it out after completion of the extrusion 

25 process. 

The lower cop seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials from entering 
the interior region of the tubular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
30 commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIPX cups modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the lower cup seal 725 
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comimses a SIP cup, avaflable from Halliburton Energy Services in Dallas, TX 
in order to optunally provide a debris barrier and hold a body of lubricant 
The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
5 theinteriorr^on of the tubular member 715. The upper cup seal 730 may 
comprise any number of conventional commerdally available cup seals such as, 
for exazi4>le, TP cupa or Selective Injection Packer (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the upper cup seal 730 comprises a SIP cup available from 
10 HaUiburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be transported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fliiididy coupled to the fluid passage 740. 
15 The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745» the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position acyacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is prrferably positioned along a centerline of the 
20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement^ drilling mud or epozies at flow rates and pressures 
ranging from about40 to 3,000 gaUona^ninute and 500 to 9,000 pai in order to 
optimal^ provide sufficient operating preasurea to eitrude the tubular member 
715 off of the expandable mandrel 705. 
25 As deacribed above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore^ fluidic mutor iniff forced up the 
fluid passage 735 can berdeased into the wellbore above the tubular member 
715. In a preferred eikibodiment, the apparatus 700 further indudea a pressure 
rdease passage that is coupled to and positioned within the support member 
30 260. The pressure rdease passage ia further fluidiclycou{ded to the fluid 
passage 735. The pressure rdease passage preferably indudes a control vdve 
for contToUably opening and dosing the fluid passage. In a preferred 
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exnbodunent» the control valve is pressure activated in order to controUably 
minimize s\irge pressures. The pressure release passage is preferably 
positioned substantially orthogonal to the centerline of the apparatus 700. The 
pressure release passage is preferably selected to convey materials such as 
5 cement, drilling mud or epoxies at flow rates and pressures ranging firom about 
0 to 500 gallons/minute and 0 to 1,000 pei in order to reduce the drag on the 
apparatus 700 diiring insertion into a new section of a wellbore and to minimize 
surge pressures on the new wellbore section. 

The fluid passage 740 pCTiits fluidic materials to be transported to and 
10 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic 
communication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross^ectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 
this manner, the interior region of the tabular member 715 below the 
expandable mandrel 705 can be optimally fluididy isolated from the region 
exterior to the tubular memb^ 715. This permits the interior r^on of the 
tubular member 715 below the expandable mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as conent, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubular memba 715 anda 

25 new section of a wellbore with fluidic materials. In a prefmred embodiment, 
the fluid passage 740 includes an inlet passage 830 having a geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 
240 can be sealed off by introducing a plug, dart and/or ball sealing dements 
into the fluid passage 230. 

30 In a preferred embodiment, the apparatus 700 further includes one or 

more seals 845 coupled to and supported by the end portion 820 of the tubular 
member 715. The seals 845 are further positioned on an outer surface of the 
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end portion 820 of the tubular member 715. The seals 845 permit the 
overlapping joint bet>veen an end portion of preearisting casing and the end 
portioa 820 of the tubular member 715 to be fluididy sealed The seals 845 
may comprise any number of conventional commerdaliy available seals such as, 
5 for example, lead, rubber, Teflon, or epozy seals modified in accordance with 
the teachings of the present disclosure. In a prefOTed embodiment, the seals 
845 comprise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal and 
a load bearing interference fit in the overlapping joint between the tubular 
10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a 
sufficient frictional force to support the expanded tubular member 715 from the 
eadsting casing. In a preferred embodiment, the frictional force provided by the 
15 seals 845 ranges from about 1,000 to 1,000,000 ]bf in order to optimally 
support the expanded tubular momhcy 715, 

The support member 745 is preferably coupled to the expandable 
mandrel 705 and the ovmhot connection 755. The support member 745 
preferab^ comprises an annular member having suEBcient strength to carry the 
20 apparatus 700 into a new section of a wellbore. The support member 745 may 
comprise any number of conventional conunerdaUy available support monbers 
such as, for exanqde, steel drill pipe^ coiled tubing or other high strength 
tubular modified in aooordanoe witii the teaching of the present disclosure. In 
a preferred embodiment, the support m^nber 745 conqirises conventional drill 
25 pipe available from various sted mills in the United States. 

In a pre f eired embodiment, a bo4y of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior 
of the tubular member 715. In this manner, the extrusion of the tubular 
member 715 off of the expandable mandrel 705 is fmili^^^ The lubricant 705 
30 may comprise any number of conventioQal commercially available lubricants 
such as, for example, Lubriplate, chlorine baaed lubricants, oil based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) avaflable from HaBiburton Energy 
Services in Houston,. TX in order to optimally provide lubrication to fadliate the 
extrusion process. 

The overshot connection 755 is coupled to the support member 745 and 
5 the support member 760. The overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of cbnventional 
commerdaily available overshot connections sudi as, for example, Innerstring 
Sealing Adapter, Innerstring Flat-Face Sealmg Adapter or EZ Drill Setting Tool 
10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adapter with an Upper Guide available from Halliburton Energy 
. Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot 
connection 755 and a surface support structure (not illustrated). The support 
15 member 760 preferably comprises an annular member having sufficient 
strength to carry the I4)paratus 700 into a new section of a weilbore. The 
support member 760 m^y comprise any number of conventional commercially 
available support monbers such as, for example, steel drill pipe, coiled tubing or 
other hi|^ strength tubulars modified in accordance with the teachings of the 
20 present disclosure. In a preferred embodiment, the support member 760 
comprises a conventional drill pipe available from steel mills in the United 
States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also pr^enbly stabilizes the components of the apparatus 700 

25 within the tubular membo* 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional oommerdalty available stabilizers such as, for example, 

30 EZ Drill Star Guides, packer shoes or drag blocks modified in aixordance with 
the teachings of the present disclosure. In a preferred embodiment, the 
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Stabilizer 765 comprises a sealing adapter upper guide available from 
Halliburton Energy Service3 in Dallas, TX. 

In a preferred embodiment^ the support members 745 and 760 are 
tborougbly cleaned prior to assembly to the remaining portions ofthe 
5 apparatus 700. In this manner, the introduction of foreign material into the 
apparatus 700 is minimised. This minimizes the possibility of foreign material 
clogging the various flow passages and valves of the apparatus 700. 

In apreferred embodiment» before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weUbore volmnea are circulated 
10 through the various flow passages ofthe ^>paratus 700 in order to ensure that 
no foreign materials are located within the weUbore that mi gh t dog up the 
various flow passages and valves of the apparatus 700 and to ensure that no 
foreign material interfira^ with the expansion mandrel 705 during the 
expansion prooess. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with reference to Figs. 1-7 to form a new section of casing 
within a weUbore. 

As Ulustrated in Fig. 8, in an alternative preferred embodiment, the 
method and apparatus described herein is used to repair an existing weUbore 

20 casing 805 1^ forming a tubular liner 810 inside of the existing weUbore casing 
805. In a preferred embodiment, an outer annular lining of cement b not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the damaged section of the weUbore casing such as, for 

25 example, cement» ^>ox7t slag mix, or drilling mud. In the alternative preferred 
embodiment, sealing members 815 are preferab^ provided at both ends of the 
tubular member in order to optimaUy provide a fluidic seal. In an alternative 
preferred embodiment, the tubular liner 810 is formed within a horizontaUy 
positioned pipeline section, such as those used to transport hydrocarbons or 

30 water, with the tubular liner 810 placed in an overl^ping relationship with the 
adjacent pipeline section. In this manner, underground pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiinent» the method and apparatus 
described herein ia used to Erectly line a wellbore with a tubular liner 810. In 
a preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the altemativa preferred 
5 embodiment, any numbv of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the weUbore such as, for example, cement, 
epoxy, slagmix* or drillingmud. 

Referring now to Pigs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandable tubular 
10 member 902, asuppcMt member 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred raibodiment, the design and construction of the 
mandrel 906 and shoe 908 pmnits easy removal of those elements by drilling 
them out In this manner. the assembly 900 can be eaai^ rmioved from a 

weUbore using a conventional drilling ^^paratus and corresponding dril^ 
15 methods. 

The expandable tubular member 902 preferab^ includes an upper 
portion 910, an intermediate portion 912 and a loww portion 914. During 
operation of the apparatus 900, the tubular mmber 902 is preferably extruded 
off of the mandrel 906 by pressurizing an interior region 966 of the tubular 
20 mmber902. The tubular member 902 preferab^ has a substantiaUy annxilar 
cross-section* 

In a particularly preferred embodiment, an expandable tubular member 
915 is coupled to the upper portion 910 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 ia preferably 
25 extrudedofifof the mandrd 906 by pressurizing the interior region 966 of the 
tubular memb» 902. The tubular member 915 prrferably has a substantially 
an nu lar cross-section. .In a preferred embodimmt, the waU tbirknofm of the 
tubular membo- 915 is greater than the wall thickness of the tubular mmber 
902. 

30 The tubular member 915 may be fabricated from ax^ number of 

conventional comniercially available materiab such as, for example, oilfield 
tubulara, low alloy steels, titanium or stainless steels. In a preferred 
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embodiment, the tubular member 915 13 fabricated from oilfield tubulars ld 
order to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particularly prefmed embodiment^ the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 pai 
5 in order to optimaUy provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a plurality of 
tubular members coupled end to end. 

In a preferred embodiment^ the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
10 and/or gaseous seal with an existing section of wellbore casing. 

In a preferred embodiment^ the combined length of the tubular members 
902 and 915 are limited to minimize the possibility of buckling. For typical 
tubular meinb« materials, the combined length of the tubular members 902 
and 915 are limited to between about 40 to 20,000 feet in length. 
15 The lower portion 914 of the tubular m^nber 902 is preferably coupled 

to the shoe 908 1^ a threaded connection 968. The intermediate portion 912 of 
the tubular member 902 preferably is {daced in intimate sliding contact with 
the mandrel 906. 

The tubtdar member 902 may be fabricated from any number of 
20 conventional commerciaUy available materials such as/ for example, oilfield 
tubulars, low alloy steela, titanium or stainless steels. In a preferred 
embodimenti the tubular member 902 is fabricated from oilfidd tubulars in 
order to optimal^ provide approxiiDately the same mechanical properties as the 
tubular member 915. In a particulartF preferred embodiment, the tubular 
25 member 902 has a plastic yield point ranging from about 40,000 to 135,000 psi 
in order to optimally provide approximate^ the same yield properties as the 
tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 
30 1/16 to 1.5 inches. In a preferred embodiment, the wall thickness of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range fit)m about 1/8 to 1.25 in order to optimally provide wall thiVini^a that 
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are about the same aa the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion 914 is less than or equal to the wall 
thickness of the upper portion 910 in order to optimaUy provide a geometry that 
will fit into ti^t clearances downhole. 
5 The outer diameter of the upper, intermediate, and lower portions. 910. 

912 and 914 of the tubular member 902 may range, for example, from about 
1.05 to 48 inches. In a preferred embodiment, the outerdiameter of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 % to 19 inches in order to optimally provide the ability to 
10 expand the most commonly used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimaUy provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
15 commercially available tubular members modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Country Tubular Goods available from various 
U.S. steel mills. The tubular member 915 nuQr comprise any number of 
conventional commerciaUy available tubular membero modified in accordance 
20 with the teachings of the present disclosure. In a preferred embodiment, the 
tubular member 915 comprises Oilfield Country Tubular Goods available from 
various U.S. steel mills. 

The variouB elements of the tubular member 902 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
25 welding or machined from one piece. Inaprtferredembodiment, the various 
elements of the tabular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end 
to end. The various elements of the tubular membw 915 m^ be coupled using 
any number of conventional process such as, for example, threaded connections, 
30 welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end 
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to end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined firom one piece. 

The support member 904 preferably includes an innerstring adapter 916, 
5 a fluid passage 918, an upper guide 920, and a coupling 922. During operation 
of the apparatus 900, the support memb^ 904 preferably siipports the 
apparatus 900 during movement of the apparatus 900 within a wellbore. The 
support member 904 preferably has a substantially aimular cross-section. 
The support member 904 may be fabricated from any number of 
10 conventional conmiercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innoBtring adaptor 916 preferably is coupled to and supported by a 
15 conventional drill string support fitim a siuface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
threaded connection 970. 

The fluid passage 918 is prefmbfy used to conv^ fluids and other 
materials to and from the apparatus 900. In a preferred embodiment, the fluid 
20 passage 918 is fluididy coupled to the fluid passage 952. In a preferred 

embodiment^ the fluid passage 918 is used to convey hardenable fluidic sealing 
materials to and from the apparatus 900. In a particularly preferred 
embodiment^ the fluid passage 918 may include one or more pressure relief 
passages (not fllustrated) to release fluid pressure during positioning of the 
25 iqpparatua 900 within a wellbore. In a preferred embodimnt, the fluid passage 
918 is positioned along a longitudinal oenterlineofthe apparatus 900. In a 
preferred embodimwt, the fluid passage 918 is selected to permit the 
convqmnce of hardenable fluidic materials at operating pressures ranging from 
about 0 to 9,000 psL 
30 The upper guide 920 is coupled to an upper portion of the support 
member 904. The upper guide 920 preferably is ads^ted to center the support 
member 904 within the tubular member 915. The upper guide 920 may 
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comprise any number of conventional guide members modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
upper guide 920 comprises an innerstring adapter available from Halliburton 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. 
The coupling 922 prrferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using 
any number of conventional processes such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support memb« 904 are coupled using threaded 
connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 

expansion cone 928, a lower cone retainer 930, a bo^y of cement 932, a lower 
15 guide 934, an extension sleeve 936, a spacv 938, a housing 940, a sealing sleeve 

942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 

948, a guide 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 

sleeve 948, and the rubber cup 926. The retainer 924 couples the rubber cup 
20 926 to the lubricator sleeve 948. The retainer 924 pr^terably has a 

substantially annular cross-section. The retainer 924 may comprise any 

number of conventional oonunerdally available retainers such as, for example, 

slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrd 
25 946, and the hibricator sleeve 948. Therubber cup 926 j^enta the entry of 
foreign materials into the interior region 972 of the tubular member 902 below 
the rubber cup 926. The rubber cup 926 maj comprise any numbw of 
conventional comnmdaUty available rubber cups sudi as, for example, TP cups 
or Selective Iiuection Packer (SIP) cup. In a preferred embodiment, the rubber 
30 cup 926 comprises a SIP cup avaaable from Halliburton Energy Services in 
Dallas, TX in order to'optimally block foreign materials. 
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In a particularly preferred embodiment, a body of lubricant is further 
provided in the. interior region 972 of the tubular member 902 in order to 
lubricate the interface between the exterior surface of the mandrel 902 and the 
intmor surface of the tubular members 902 and 915. The lubricant may 
5 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (3100). In a preferred embodiment^ ihe lubricant 
comprises Climax 1500 Antiseise (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 
10 fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a preferred embodiment, during 
opmition of the apparatus 900, the tubular members 902 and 915 are extruded 
15 off of the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented fay the lower cone 
retainor 930, housing 940 and the upper cone retainer 944. Inner radial 
movement of the expansion cone 928 is prevented by the body of cement 932, 
the housing 940, and the upper cone retainer 944. 
20 The expansion cone 928 preferably has a subatahtiaUy wnm^lyr cross 

section. The outside diameter of the expansion cone 928 is preferably tapered 
to provide a cone shape. The wall thickness of the expansion cone 928 may 
range, for example^ from about 0.125 to 3 inches. In a preferred embodiment, 
the wall thickness of the expansion cone 928 rangee bom about 0.25 to 0.75 
25 inches in order to optinudly proride adequate compressive strength with 
mmtmai materiaL The mflytwnum and mintmiitn outside diametors of the 
expansion cone 928 may range, for example, from about 1 to 47 inches. In a 
preferred «abodiment, the wmTiirnifw and mfnimiini outside diameters of the 
expansion cone 928 range from about 3.5 to 19 in order to optimally provide 
30 expansionof generally available oilGeldtubulars 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
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tool steel, titanium or low aUoy steel. In a preferred embodiment, the 
expansion cone 928 is fabricated from tool steel in order to optimally provide 
hi^ strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for eMunple, from about 50 
5 Rockwell C to 70 Rockwefl C. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 Rockwell C in order to optimally provide high yield strength. In a 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior bo^y in order to optimally 
10 provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Piisferably, the lower cone 
retainer 930 has a substantially annular crosia-section. 
15 The lower cone retainer 930 may be fabricated from any number of 

conventional conunerdally available materials such as, for example, ceramic, 
tool steel, tttanitmi or low alloy steel. In a preferred embodiment, the lower 
cone retainer 930 is fabricated from tool steel in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of 
20 the lower cone retainer 930 may range, for example, fi*m about 50 Rockwell C 
to 70 Rockwell C. In a preferred embodiment, the sur&ce hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
RockweUC in order to optiaially provide high yield strength. Inapreferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a 
25 hard outer surface and a resiUratintmorbo^y in order to optimaUyprovi^ 
abrasion resistance and frticture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the 
expansion cone 928 are formed as an integnl one-piece element in order reduce 
the number of components and increase the overall strength of the apparatus. 
30 The outer surface of the lower cone retainer 930 prrferably mates with the 
inner surfaces of the tubular members 902 and 915. 
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The bo4y of cement 932 is positioned within the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the 
mandrel906. The bocfyofcement 932 further may be easily driUed out usm^ 
conventional drill device. In this mann», the mandrel 906 may be easily 
5 removed using a conventional drilling device. 

The boc|y of cement 932 may comprise any number of conventional 
commerdaUy avaflable cement compoimds. Alternatively^ aluminum, cast iron 
or some other driUable metallic, composite, or aggr^^ material may be 
substituted for cement. The body of cement 932 preferably has a substantially 
10 annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movement of the mandrel 906 within the tubular member 902. 
The Iowa* guide 934 preferably has a substantially annular cross-section. 
15 The lower guide 934 may be fabricated j&rom any number of conventional 

commoxaaUy available mataials sudi as, for example, oilfield tubulars, low 
alloy steel or stainless steeL In a prefored embodiment, the lower guide 934 is 
fabricated ftom low alloy steel in order to optimally provide hi g^ yield strength. 
The outer surface of the lower guide 934 preferably mates with the inner 
20 surface of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the 
housing 940. During operation of the apparatus 900, the extension sleeve 936 
preferably h^ guide the movmieni of the mandrel 906 within the tubular 

member 902. The extension sleeve 936 preferably haa a substantially annular 
25 cross-section. 

The extenaion aleeve 936 may be fabricated firom any number of 
conventional commerciaUy available materials such aa, for example, oilfidd 
tubulars, low alloy ateel or stainless sted. Inapreforedembodiment^the 
extension sleeve 9S6 ia fabricated firom low allqy steel in order to optimaUy 
30 provide hi^ yield atrength* Theouter surface of the extension sleeve 936 

preferably mates wjth the inner surface of the tubular member 902 to provide a 
sliding fit In a preferred embodiment^ the extenaion aleeve 936 and the lower 
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guide 934 are formed as an integral one-piece element in order to minimize the 

number of cpmponoits.and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942, The spacer 938 

preferably includes the fluid passage 952 and is adapted to mate with the 

5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 

conveyed from the sur&ce through the fluid passages 918 and 952 into the fluid 

passage 962. Pi^erably, the spacer 938 has a substantdafly annular cross^ 
section. 

The spacer 938 may be fabricated from any number of conventional 
10 commercially available materiab sudi as, for example, steel, aluminum or cast 
iron. In a preferred ttnbodiment, the spaco* 938 is fabricated from aluminmn 
in order to optimaUy provide drillability. The end of the spacer 938 preferably 
mates with the end of the e^^tension tube 960. In a preferred embodiment, the 
spacer 938 and the sealing sleeve 942 are formed as an integral <me-piece 
15 element in order to reduce the numbv of components and increase the strength 
of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner 
20 radial motion of the expansion cone 928. P^erably, the housing 940 has a 
substantially annular croes-flection. 

The housing 940 may be fabricated from any number of conventional 
conunerciaQjf available materials such as, for example, oilfield tubulars, low 
alloy steel or stainleBasted. In a pr d crred qnbodiment, the housing 940 is 
25 fabricated from low alkor steel in order to optmiaUyproW 

In a preferred embodiment, the lower guide 934, extension sleeve 936 and 
housing 940 are fanned as an integral one-|aeoe element in ordv to minimize 
the number of componnts and increase the strength of the apparatus. 
In a particularly preferred embodiment, the interior surface of the 
30 housing 940 includes one or more protrusions to faciliate the connection 
between the housing d40 and the bo^y of cement 932. 
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The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 9S2» the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferab^, the sealing sleeve 942 has a 
substantially annular cross-section. 

The sealing sleeve 942 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminiun or cast iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated firom aluminum in order to optimally provide drillability of the 
sealing sleeve 942. 

In a particular^ prefored embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to fadliate the connection between 
the sealing sleeve 942 and the bo4y of cement 9S2. 
15 In a particularly prefored embodiment, the spacer 938 and the sealing 

sleeve 942 are int^ally formed as a one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the bo^y of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferably prevents axial motion of 
the expansion cone 928. Preferab^, the upper cone retains 944 has a 
substantiaUy annular cross-eectaon. 

The upper cone retainer 944 may be fisdbricated from any number of 
conventumal oommerdal^ available mni^ri '^l i such as, for example, steel, 
25 aluminum or cast iron. In a prtfenned embodiment, the ufqier oone retainer 944 
is fabricated firom aluminum in order to optimaQy provide drillability of the 
upper cone retainer 944. 

In a particularly prrferred embodiment, the upper cone retainer 944 has 
a crosa-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred oobodiment, the upper cone retainer 944 has a cross^sectional shape 
that is substantial^ I-bhiqped to provide increased rigidity and minimize the 
amount of material that would have to be drilled out 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubbo^ cup 
. 926» the uppo' cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Prrferably, 
the lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
convmtional commerciaUy available materials such as, for example, steel, 
alu minum or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator 
sleeve 948, and the guide 950. During operation of the apparatus 900, the 
15 lubricator sleeve 948 prrferably supports the rubber cup 926. Preferably, the 
lubricator sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional conunerciaUy available ^»^^m\n sudi as, for example, steel, 
aluminum or cast iron. In a prtferred embodiment, the lubricator sleeve 948 is 
20 fabricated fix>m aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber 
cup 926. The retains 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a preferred embodiment, seals 949a and 949b are provided between the 
lubricator mandrel 946, lubricator sleeve 948, and rubbv cup 926 in order to 
optimally seal off the interior region 972 of the tubular member 902. 

The guide 950 ta coupled to the lubricator mandrd 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
30 950preferablyguide8theapparatuson the support member 904. Preferably, 
the guide 950 has a substantially annular cross^section. 
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The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodimenti the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, 
the fluid passage 952 is adapted to convey hardenable fluidic materials at 

10 pressures and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 
gallonaAnin in order to optimally provide pressures and flow rates to displace 
and circulate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any 
number of conventional process such as, for example, threaded connections, 

15 welded connections or cementing. In a preferred embodiment, the various 
elements of the mandrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a bo4y of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
20 outfet jets 964. 

The housing 954 is coupled to the bodty of cement 956 and the lower 
portion 914 of the tubular meoiber 902. During operation of the apparatus 900, 
the housing 954 preferab^ couples the lower portion of the tubular member 
902 to the shoe 908 to facilitate the eztmaion and positioning of the tubular 
25 member9Q2. Preferably, the housing 954 has a aubatantiaUy annular cross- 
section. 

The housing 954 nuqr be fabricated from any numbo' of conventional 
commercially available matirrialB such as, for example, steel or aluminum. In a 
preferred embodiment, the housing 954 is fabricated from aluminum in order to 
30 optimally provide drillability of the housing 954. 
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In a particulariy prefeixed embodiment, the interior surface of the 
housing 954 includes one or more protrusions to fadliate the connection 
between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing 
5 sleeve 958. In a preferred embodiment, the composition of the body of cement 
956 is selected to permit the body of cement to be easily driUed out using 
conv^tional drilling machines and processes. 

The composition of the body of cement 956 may indude any number of 
conventional cement compositions. In an alteniative onbodiment. a drillable 
10 material such as, for example, aluminum « iron miQr be substituted for the 
body of cement 956. 

The sealing sleeve 958 is coupled to the body ofcement 956, the 
extension tube 960, the fluid passage 962, and one or more outlet jets 964. 
During operation of the apparatus 900, the sealing sleeve 958 ineferably ia 
15 adapted to convey a hardenable fluidic material from the fluid passage 952 into 
the fluid passage 962 and then into the outlet jets 964 in order to iiyect the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 Anther indudea an inlet geometry that permits a 
20 conventional plug or dart 974 to become lodged in the hdet of the sealing sleeve 
958. In this manner, the fluid passage 962 may be blocked Uiereby fluididy 
isolating the interior region 966 of the tubular member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
annular croas^ection. The sealing sleeve 958 mqr be fabricated from any 
25 number of conventional commerdaUy available materials sudi as, for example, 
sted, alu minum or cast iron. In a preferred embodiment, the sealing sleeve 958 
is fabricated from aluminum in order to optimally provide drillability of the 
sealing sleeve 968. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
30 passage 962, and one or more ouUet jets 964. During operation of the 
apparatus 900, the.exiiemion tube 960 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and then into the outlet jets 964 in order to inject the hardenable fluidic 
nuLterial into an anniUar region external to the tubular meniber 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometry that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the Ouid passage 962 is blocked thereby fluidicly isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment^ one end of 
the extension tube 960 mates with one &xd of the spacer 938 in order to 
optimal^ facOiate the transfer of material between the two. 
10 In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of convrational commerdaUy available materiate such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the extension tube 
960 is fabricated from aluminum in order to optimally provide driUabilily of the 
15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is preferably conveys hardenable fluidic materials. In 
a prefecred onbodiment, the fluid passage 962 is positioned about the 
20 centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 962 is adapted to convoy hardenable fluidic mi>^ filff at pressures 
and flow rate ranging from about 0 to 9,000 pai and 0 to 3,000 gaUons/min in 
order to optimally provide fluids at operationally efiBcient rates. 

The outlet jeta 964 are ooupled to the sealing sleeve 958, the extrasion 
25 tube 960» and the fluid passage 962. During operation of the apparatus 900, the 
outlet jets 964 preferably convey hardenable fluidic material bom the fluid 
passage 962 to thereon exterior of the apparatus 900. In a preferred 
embodiment, the shoe 908 indudea a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jeta 964 comprise passages drilled 
30 in the housing 954 and the body of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elements of the shoe 908 may be coupled using any number 
of conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
5 In a preferred embodiment, the assemb^ 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean 
formation, a drill string is used in a well known manner to drill out material 
10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a 
particularly preferred embodiment, the apparatus 900 includes the tubular 
member 915. In a prrferred embodiment, a hardenable fluidic sealing 
15 hardenable fluidic sealing material is then pumped bom a surface location into 
the fluid passage 918. The hardenable fluidic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the interior r^on 966 into the fluid passage 962. The hardenable fluidic 
20 sealing material then exits the apparatus 900 via the outlet jets 964 and fills an 
annular region between the exterior of the tubular member 902 and the interior 
wall of the new sectjon of the wellbore. Continued pimiping of the hardenable 
fluidic sealing material causes the material to fill up at least a portion of the 
annular region. 

25 The hardenable fluidic sealing material is preferably pumped into the 

annular region at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gallons^un, respectively. In a preferred 
embodiment, the hardenable fluidic sealing material is pumped into the annular 
region at pressures and flow rates that are designed for the specific wellbore 

30 section in order to optimize the displacement of the hardenable fluidic sealing 
material while not creating high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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optimum pressures and flow rates are preferably determined using conventional 
en^irical methods. ^ . .. 

The hardenable fluidic sealing material may comprise any number of 
conventional commerdally available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epdzy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
spedfically for the well section being lined available froih Halliburton Energy 
Services in Dallas^ TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to mininme 
10 operational diEBcultiea during the displacement of the cement in the annular 
region. The optimum oomposition of the blended cements is preferably 
determined using conventional empirical methods. 

The annular r^on preferably is fiUed with the hardenable fluidic sealing 
material in sufiBdent quantities to ensure that^ upon radial expansion of the 
15 tubular member 902, the annular region of the new section of the wellbore will 
be filled with hardenable material. 

Once the annular region has been adequaftd^y filled with hardenable 
fluidic sealing material, a plug or dart 974, or other similar device, preferably is 
. introduced into the fluid paaaage 962 thereby fluidic|y isolating the interior 
20 region 966 ofthe tubular meinber 902 from the external annular region. In a 
preferred embodiment, a non hardenable fluidic material is then pumped into 
the interior region 966 causing the interior region 966 to pressurize. Ina 
particular^ preferred embodiment^ the plug or dart 974, or other similar device, 
preferably is introduced into the fluid passage 962 hj introducing the plug or 
25 dart 974, or other ainiilarderioe into the non hardenable fluidic naaterid^ In 
this manner, the amount of cored material within the interior ofthe tubular 
members 902 and 915 is wimwwi«ftri 

Once the interior region 966 becomes sufBdntly pressurized, the 
tubular members 902 and 915 are extruded o£f of the mandrel 906. The 
30 mandrel 906 may be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is raised out.of the expanded portions of the tubular 
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members 902 and 915 using the support member 904. During this extrusion 
process, the shoe 908. is preferably substantially stationaiy. 

The plug or dart 974 is preferab^ placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in aooprdance with the 
teachings of the present disclosure. In a prtferred embodiment, the plug or 
10 dart 974 comprises a MSG latchnlown plug available from Halliburton Energy 
Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
pressures and flow rates ranging from s^proximateb^ 500 to 9,000 psi and 40 to 
15 3,000 gallons/min in order to optimally eactnide the tubular members 902 and 
915 off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 ofif of the expandable mandrel will begin when the 
pressure of the interior region 966 reaches approximate 500 to 9,000 psi. In a 
20 preferred embodiment, the extrusion of the tubular menibers 902 and 915 off 
of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approximately 1,200 to 8,500 psi with aflow rate of about 40 to 1250 
gallona/minute. 

During the extrusion proce ss , the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging; for 
example, from about 0 to 5 fl/sec. In a preferred embodiment, during the 
extrusion process, the mandr^ 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from about 0 to 2 fl/sec in order 
to optimally provicte pulling speed fast enough to permit eGBcient operation and 
30 permit fUU expansion ofthe tubular members 902 and 915 prior to curing of th^ 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded ofT of 
the mandrel. 906, the put^ surface of the upper end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an fluid ti^t overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximately 
50 to 20,000 psL In a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximate^ 400 to 10,000 psi 
in order to optimally provide contact pressure to activate the sealing members 
10 and provide optimal resistance such that the tubular member 915 and winHn g 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be oontroUabty ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 
15 manner, the sudden release of pressure caused by the complete extrusion of the 
tubxilar member 915 off of the expandable mandrel 906 can be minimized In a 
preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed approzimatety all but about the 
20 last 5 feet of the extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are oontroUed during all phases of the operation of the 
apparatus 900 to minimise ahock. 
25 Alternatively, or in combination, a shodc absorber is provided in the 
support member 904 in order to absorb the shock caused fay the suddoi rdease 
of pressure. 

Alternatively, or in combination, a mandrd catching structure is 
provided above the support member 904 in order to catch or at least decelerate 
30 the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, either before or after the 
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removal of the mandrel 906, the integrity of the auidic seal of the overiapping 
joint between the upper portion of the tubular member 915 and the lower 
portion of the existing casing is tested using convoitional methods. If the 
fluidic seal of the overi^iping joint betweoi the upper portion of the tubular 
5 member 915 and the lower portion of the eadsting casing is satisfactory, th&i 
the uncured portion of any of tiie hardenable fluidic sealing material within the 
expanded tubular member 916 is thai ronoved in a conventional manner. The 
hardenable fluidic sealing material within the annular region betweoi the 
expanded tubular member 915 and the existing casing and new section of 
10 wellboreisthenaUowedtocure. 

Preferabfy any remaining cured hardenable fluidic sealing material 
witiiin the interior of the expanded tubular membera 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing preferabfy inchidea the expanded tabular 
15 members 902 and 915 and an outer annular layer of cured hanteiable fluidic 
sealing material. The bottom portion of the apparatus 900 compriHing the shoe 
908 may then be removed by drilling out the shoe 908 using conventional 
drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
20 necessary to remove the entire apparatus 900 from the interior of the weUbore 
due to a malfunction. In this circumstance, a conventional drill string is used to 
driU out the interior sections of the ^iparatus 900 in order to facilitate the 
removal of the remaining sections. In a preferred embodiment, the hiterior 
elements of the apparatus 900 are fabricated from materiab such as, for 
25 example, cement and aluminum, that permit a conventional drill string to be 
eizqiloyed to drill out the interior components. 

In particular, in a prefmed embodiment, the composition of the interior 
sections of tiie mandrel 906 and shoe 908, including one or more of the body of 
cement 932. the spacer 938, the sealing sleeve 942, the upper oone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 960, the 
housing 954, the botfy of cement 956, the sealing sleeve 958, and the extension 
tube 960, are sdected to permit at least some of these components to be drilled 
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out using conventional drilling methods and apparatus. In this manner, in the 
event of a malfunction downliole, Qxe apparatus 900 may be easily removed 
from the wellbore* 

Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf. and 10g« method and 
5 apparatus for orating a tie-back linar in a wellbore win now be described^ As 
illustrated in Pig. lOa, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 i^arably includes a tubular liner 1008 and a 
cement annulus 1010. The second casing 1006 preferab^ includes a tubular 
10 liner 1012 and a cement annulus 1014. In a prefored embodiment, the second 
casing 1006 is formed by expanding a tubular member substantiaUy as 
described above with reference to Figs. l*9c or below with reference to Fig^ 
lla-llt 

In a particularly preferred embodiment, an upper portion of the tubular 
15 liner 1012 overlaps with a lower portion of the tubular liner 1008. In a 

particularly preferred embodimttit, an out» surface of the upper portion of the 
tubular liner 1012 indudea one or more sealing members 1016 for providing a 
fluidic seal betwera the tubular linsrs 1008 and 1012. 

ReferrinirtoFig. 10b, in order to create a tie-back liner that extmds from 

20 the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 11(DS, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, afluid passage 1195, one or more fluid passagea 1140, seals 1145, and a 
support member 1150. 

25 The ezpandaUe mandrel or pig 1 105 is coupled to and supported by the 

support member 1150. The expandable mandrel 1105 ia piBfmbly adapted to 
oontroUabbr expand in a radial direction. Hie expandable mandrel 1105 may 
comprue any number of conventional commerdaUy available expandable 
mandrels modified in accordance with the teachings of the {H^sent disclosure. 

30 In a prrfOTed embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantiaUy as disclosed in U.S. Pat. No. 5,348,095, the 
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disclosure of which is incorporated herein by reference, modified in accordance 
Mfith the teachiiigB of the present disclosure. 

The tubular member 1110 is coupled to and supported fay the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 and extruded off of the expandable mandrel 1105. The tubular member 1110 
may be fabricated finom any number of tnntoriniff such as, for example. Oilfield 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Country 
Tubular Goods. 

10 The iimer and outer diameters of the tubular member 1110 may range, 

for example, from qn^rozimately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 1110 range from about 3 to 15.5 iDches and 3.5 to 16 inches, 
respectively in order to optimally provide coverage for typical oilfield casing 
15 sizes. The tubular member 1110 preferably comprisea a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 ivhra it oonqiletes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular mwJba 1110 is limited to 
20 minimize the possibility of buckling. For typical tubular member 1110 
materials, the length of the tubular member 1110 is {nreferably limited to 
between about 40 to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1115 includes the fluid passage 1135. The 
25 shoe 1115 may conyxrise any number of conventional commerctally available 
shoes such as, for example, Super Seal II float shoe, Super Seal II Oown-Jet 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with a 
30 sealing sleeve for a latch«do wn plug with side porta radiating off of the exit flow 
port available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012» optimally fluididy isolate the interior of the tubular 
member 1100 after the latdi down plug has seated, and optimally permit 
drilling out of the shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment, the shoe 1115 includes one or more aide 
outlet ports 1140 in fluidic communication with the fluid passage 1135. In this 
manner, the shoe 1115 injects hardenable fluidic sealing material into the 
region outside the shoe 1115 and tubular member 1110. In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passage 1140 
each having an inlet geometry ^at can receive a dart and/or a bail sealing 
member. In this manner, the fluid passages 1140 can be sealed ofl'by 
introducing a plug, dart and/or ball sealing demoita into the fluid passage 
1130. 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents foreign materials from entering the interior 
region of the tubular member 1110 adjacent to the expandable mandrel 1105. 
The cup seal 1120 may comprise aoy number of conventional commercially 
available ciMp seals such as, for example, TP cupe or Selective Iiqection Packer 

20 (SIP) cups modified in accordance with the »j>«^pfiiftgn of the present disclosure. 
In a preferred emfaodimrat, the cup seal 11^ comprises a SIP cup, available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contain a bo4y of lubricant 

The fluid passage 1130 pmnitB fluidic materials to be transported to and 

25 from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 
1130 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 

30 along a oenterline of the apparatus 1100. The fluid passage 1130 is prefmbly 
selected to transpoirt materials such as cem^t, drilling mud or epoxies at flow 
rates and pressures ranging bom about 0 to 3,000 gallons/minute and 0 to 9,000 
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psi in order to optimally provide sufficient operating pressures to circulate 
fluids at operationally efficient rates. 

The fluid passage 1135 p^znits fluidic materials to be transmitted from 
fluid passage 1130 to the intenor of the tubular member 1110 below the 
5 mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to 
and from the region exterior to the tubular member 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positicmed within the shoe 1115 in fluidic 
communication with the interior r^on of the tubular member 1110 below the 
10 expandable mandrel 1105. The fluid passages 1140 prefoably have a cross* 
sectional sh^ that permits a plug, or other similar device, to be placed in the 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 

manner, the interior region of the tubular membCT 1110 below the expandable 
mandrel 1105 can be fluidic^ isolated from the region exterior to the tubular 

15 member 1105. This permits the intoior region of the tubular member 1110 
below the expandable mandrd 1105 to be pressurized. 

The fluid passages 1140 are preferal^ positioned along the periphery of 
theshoelllS. The fluid passages 1140 are prrferab|y selected to convey 
materials such as cement, drilling mud or qxoies at flow rates and pressures 
20 ranging from about 0 to 3,000 gaUonaAninute and 0 to 9,000 pei in order 
optiznally fiU the annular r^on between the tubular member 1110 and 
tubular liner 1008 with fluidic materials* Inaprrferredembodiment^ thefluid 
passages 1140 include an inlet geometry that can receive a dart and/or a baU 
sealing member. In this manner, the fluid passages 1140 can be sealed off fay 
25 introducing a plug; dart and/or baU sealing dements into the fluid passage 
1130. In a preferred embodiment, the apparatus 1100 indudes a plurality of 
fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 indudes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 
30 plug, or other similar device, to permit the intmor region of the tubular 
member 1110 to be.fluldidty isolated frt>m the exterior of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on an outer 
surface of the lower end portion of the tubular member 11 10, The seals 1145 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 11 10 to be fluididy sealed. 

The seals 1145 may comprise any number of conventional commercially 
avaUable seals such as, for example, lead, rubber, Teflon or epo^ seab modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment^ the seals 1145 comprise seals molded from Stratalock epozy 
10 available firom Halliburton Energy Services in Dallas, TX in order to optimally 
provide a Iqrdraulic seal in the overlapping joint and c^itunally provide load 
carrying capadiy to withstand the range of typical tensile and compressive 
loads. 

In a preferred embodiment^ the se^ 1145 are selected to optimally 
15 provide a sufBctent frictional force to support the expanded tubular member 
1110 from the tubular liner 1008. In a preferred embodiment, the frictional 
force provided by the seals 1145 ranges from about 1,000 to 1,000,000 Ibf in 
tension and conqireaaion in order tp optimally support the expanded tubular 
moiber 1110. 

20 The support member 1150 is coupled to the expandable mandrel 1105, 

tubular memba 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufiBdent strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 fiirther indudea one or more conventional cutraGzers (not 

25 illustrated) to hdpstahilise the tubular mento 1110. 

In a preferred embodimenti a quantity of lubricant 1150 is provided in 
the annular region above the expandable mandrd 1105 within the interior of 
the tubular member 1110. In this manner, the extrusion of the tubular 
member 1110 ofiT of the expandable mandrel 1105 is facilitated. The lubricant 

30 1150may comprise any number of conventional conunerdally available 

lubricants such as,, for example, Lubriplaie, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a prefmed embodiment, the lubricant 1150 
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comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Howton^ TO in qi^ier to optimally provide lubrication for the 
extrusion process. 

In a preferred emliodiment, the support member 1160 is thoroughly 
5 cleaned prior to assembly to the remaining portions of the apparatus 1100. In 
this manner, the introduction of foreign material Into the apparatus 1100 is 
minimized. This minimizes the possibility offorogn material dogging the 
various flow passages and valves of the apparatus 1100 and to ensure that no 
foreign material interferes with the expansion mandr^ 1105 during the 
10 extrusion process. 

In a particular^ preferred embodinient, the apparatus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe 1116 for fhiidieiy . 
isolating the region of the wellbore 1000 betow the apparatus 1100. In this 
manner, fluidic materials are prevented from entering the r^on of the 
15 wellbare 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional commerdaUy available packers such as, for example, 
EZ Drill Packer, BZSV Packer or a drillable cement retainer. In a preferred 
embodiment, the padcer 1155 oonqnises an EZ Drill Packer available from 
Halliburton Energy Services in Dallas. TX. In an alternative embodiment^ a 
20 high gel strength piUnuQT be art below the tie-bade in place of the padn- 1155. 
In another alternative embodiment, the packer 1156 may be omitted. 

In a prefored embodimoit, before <nr after positioning the apparatus 
1100 within tiie wellbore 1100, a couple of wellbore vohunes are circulated in 
ordor to ensure that no foreign materials are located within the wellbore 1000 
25 that mii^t dog up the varioua flow passages and valves of the a|^»ratus 1100 
and to oisure that no foreign material interferes with the operation of the 
expansion mandrel 1105. 

As illustrated in Pig. 10c, a hardenable fluidic sealing material 1160 is 
then pumped from a surface location into the fluid passage 1 130. The material 
30 1160 then passes from the fluid passage 1130 into the interior region of the 
tubular member lilO'below the expandable mandrel 1106. The material 1160 
then passes from the interior region of the tubular member 1110 into the fluid 
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passages 1140. The mateiial 1160 thm exits the apparatus 1100 and fills the 
annular region betwe^en the eztmor of the tubular member 1110 and the 
interior wall of the tubular liner 1008. Continued pumping of the material 1 160 
causes the material 1160 to GU up at least a portion of the annular r^on. 
5 The material 1160 may be pumped into the Mnui ftr region at pressures 

and flow rates ranging, for eaumple, from about 0 to 5,000 psi and 0 to 1,500 
gallonfl/min, respectively. In a preferred embodiment, the material 1160 is 
pumped into the annular region at pressures and flow rates spedfically 
designed for the casing sizes being run, the annular spaces being filled, the 
10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flaw rates and pressures are preferably calculated using 
conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number 
of conventional Gommerdally available hardenable fluidic sealing materials such 
15 as, for example^ slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 conqirises bl«ided cements specifically 
designed for well section being tied*back, available from Halliburton Energy 
Services in DaUas, TX in order to optimally provide proper support for the 
tubular member 1110 while wnaintAin^T^g optimum flow characteristics so as to 
20 minimise operational difficulties during the displacement of cement in the 
annular region. The optimum blend of the blended cements are preferably 
determined using conventional empirical methods. 

The annidar region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 
25 the annular region wiU be filled with material 1160. 

As illustrated in Fig. lOd, once the annular region has been adequately 
filled with material 1160, one or more plugs 1165, or other similar devices, 
preferabfy are introduced into the fluid passages 1140 thereby fluididy isolating 
the interior region of the tubular member 1110 from the annular region 
SO external to the tubular member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular monber 1110 bdow the mandrel 1105 causing the interior region to 
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pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or other similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardenable fluidic material. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
5 member 1 110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes suifidently 
pressurized, the tubular member 1110 is extruded off oC the expandable 
mandrel 1105* During the extrusion process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 
10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commercially available devices from plugging a fluid psssage such 
as, for exanqile, brass balls, plugs, rubber balls, or darts modified in accordance 
15 with the teachings of the present disclosure. 

In a preferred embodiment^ the plugs 1165 oonqiriBe low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 conqirise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
20 hsrdenable fluidic material 1161 is preferably pumped into the interior r^on 
of the tubular member 1110 below the mandrel 1105 at pressures and flow 
rates ranging from approximatdy 500 to 9,000 psi and 40 to 3,000 gaUons/min. 
In a preferred anbodiment, after placement of the (dugs 1165 in the fluid 
passage 1140, the non hardmable fluidic material 1161 is preferabfy pumped 
25 idto the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging bom i^iproximat^ 1200 to 8500 psi and 40 to 
1250 gallons/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubulsr member 
1110 off of the expandable mandrel 1105 will begin vihm the pressure of the 
30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, £4)proximately 1200 to 8500 pai. In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 
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begins when the pressure of the interior region of the tubular member 1110 
below the mandrel X105 reaches approximatelj 1200 to 8500 pai. 

During the extrusion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 1110 at rates 
5 ranging, for example, from about 0 to 5 fVsec. In a preferred embodiment, 
during the extrtision process, the expandable mandrel 1106 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging from about 0 to 
2 fVsec in order to optimally provide permit aiiyustment of operationai 
parameters, and optimaUy ensure that the extrusion process will be completed 
10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tabular 
memb^ 1110 has an internal diameter less than the outside diameter of the 
mandrel 1105. In this manner, vrhea the mandrel 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 
15 1180 ^ects a seal with at least the wellbore casing 1012. In a particularly 
preferred embodiment^ the seal is ^ected by oompressing the seals 1016 
between the expanded section 1180 and the wdlbore caaing 1012. In a 
preferred embodiment^ the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 ranges from 
20 about 500 to 10,000 psi in order to optimaUy provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint 
will vdthstand typical extremes of tenafle and compressive loads. 

In an alternative prrferred embodiment^ substantially all of the entire 
length of the tubular member 1110 has an internal diametw less than the 
25 outaidedianieterof the mandrel 1105. In this manner, extrusion of the tubular 
mraiber 1110 lay the mandrel 1105 results in contact between substantially ail 
of the expanded tabular member 1110 and the <»rifttf| )y casing 1008. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges &t>m about 500 to 
30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1145 and prbvide optimal resistance to ensure that the joint will 
withstand typical extremes of tensUe and compresaive loada. 
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In a preferred embodiment; the operating pressure and flow rate of the 
material 11^1 is contrpjlably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 11 10. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
5 member 1110 off of the expandable mandrd 1105 can be minimized. In a 
preferred embodimenti the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the 
end of the esctruaion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1150 in order to absorb the shock caused by the sudden release 
of pressure, 

Altemativdy, or in combination, a mandrel catching: structure is 
provided in the upper end portion of the tubular member 1110 in order to catch 
15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is oon4)leted« the 
expandable mandrel 1 105 is removed from the wellbore 1000. In a preferred 
embodiment^ either before or after the removal of the expandable mandrel 
1105, the integrity of the fluidic seal of the joint between the upper portion of 
20 the tubular member 11 10 and the upper portion of the tubular liner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upper portion of the tubular 
liner 1008 Lb satiafiictory, then the uncured portion of the material 1160 within 
the expanded tubular member 1110 is ihesi removed in a conventional manner. 
25 The material 1160 within the annular region between the tubular member 1110 
and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional driU string. The resulting tie*back 
30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured niaterial 1160. 
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Aa Ulustxated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising th^ shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilliDg methods. 
In a particularly preferred embodiment, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Pigs. lla-lU; an embodiment of an apparatus and 
metJiod for hanging a tubular liner off of an easting weUbore casing will now be 
described As fflustrated in Pig. 11a, ia wellbore 1200 ia positioned in a 
subterranean formation 1205. The weUbore 1200 includes an existing cased 
10 section 1210 having a tubular casing 1215 and an annular outer Iflyer of cement 
1220. 

In order to extend the weUbore 1200 into the subtOTanean formation 
1205. a drill string 1225 is used in a well known manner to drill out material 
from the subterranean formation 1205 to form a new section 1230. 

15 As iUttstrated in Fig. lib. an i^iparatua 1300 for forming a wdlbore 

casing in a subterranean formation is thm positioned in the new section 1230 
of the weUbore 100. The apparatus 1300 preferably includes an expandable 
mandrel or pig 1305, a tubular member 1310. a shoe 1315, a fluid passage 1320. 
a fluid passage 1330, a fluid passage 1335. seals 1340. a support member 1345. 

20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The. expandable mandrd 1305 is preferably nHapt^ to 
oontroUabty expand in a radial direction. The expandable mandrel 1305 may 
comprise asiy nuDiber of conventiond aimnierdally avaUable expandable 

25 mandrds modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment^ the expandable mandrel 1306 con^jrisea a hydraulic 
expansion tool substantiaUy as disclosed in U.S, Pat. No. 5.348.096, the 
disclosure of which is incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 

30 The tubular membar 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 may be fabricated from any number of materials sucb as, for 
example, Oilfield Country Tubular CJoods (OCTG), 13 chromium steel 
tubin^^casing or plastic casing. In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 msy range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 1310 range from about 3 to 
15.5 inches and 3.5 to 16 inches, respectavety in order to optimally provide 
minima l telescoping effect in the most commonly encountered wellbore sizes. 
10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper 
portion 1355 of the tubular member 1310 range from about 3^ to 1 V4i inches 
and 3 to 16 inches, respectively. In a preferred embodiment, the wall 
15 thickness and outer diameter of the intmnediate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
about 3/8 to 1.5 inches and 3.5 to 16 inches, respectively. 
20 In a particularly preferred embodiment, the outer diameter of the lower 

portion 1365 of the tubular member 1310 is significantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the 
tubular monb^ 1310 in order to optimize the formation of a concentric and 
overlapping arrangemmt of wellbore casings. In this manner, as will be 
25 described bdow with reference to Figs. 12 and 13, a wellhead system ia 
optimally provided. In a preferred embodim»t| the formation of a wellhead 
system does not include the use of a bardoiable fluidie tn«»hTift!. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to 
30 the wall thicknesa of the upper and lower sections, 1355 and 1365, of the 
tubular member 1310 in order to optimally fadliate the initiation of the 
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extrusion process and optimaUy permit the placement of the apparatus in areas 
of the wellbore having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
5 is slotted, perforated, or otherwise modified to catch or slow dovm the mandrel 
1306 when it completes the eztniaion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possihiUty of buckling. For typical tubular member 1310 materials, the length 
of the tubular member 1310 is preferably limited to between about 40 to 20,000 
10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1836. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal U float shoe. Super Seal II Down^et float shoe or guide shoe with a 
15 sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
20 guide the tubular member 1310 into the weUbore 1200; optimaUy fluididy 
isolate the interior of the tubular member 1310, and optimaUy permit the 
complete dritt out of the shoe 1315 upon the completion of the extrusion and 
cementing operations. 

In a prtferred embodiment, Uie shoe 1315 further includes one or more 
25 side outlet ports in fluidic communication with the fluid passage 1330. In this 
manner, the shoe 1315 prd'vably iiuects hardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310. In a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member. In this mannw, the fluid 
30 passage 1330 can be sealed off'l^y introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1330. 
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The Ouid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular miember 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1305. The fluid passage 1320 is preferably positioned 
along a centerline of the apparatus 1300. The fluid passage 1320 is preferably 
selected to transport material such as cement, drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gaUona/minute and 0 to 9,000 
10 psi in order to optimally provide sufficient operating pressures to diculate 
fluids at operational^ efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to tha tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
15 communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305, The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
20 expandable mandrel 1306 can be fluididy isolated from the region exterior to 
the tubular member 1310, This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centerline of the 
qtparatus 1300. 

25 The fluid passage 1330 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and presauree ranging from about 
0 to 3,000 gaUona^oinute and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member 1310 and the new section 1230 of 
the weUbore 1200 with fluidic materials. In a prefmed embodiment, the fluid 

30 passage 1330 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In t&is mannor, the fluid passage 1330 can be sealed off by 
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introducing a plug, dart and/or ball sealing elements into tlie Quid passage 
1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
5 passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferabty positioned substantially along the centerlihe tDf the i^paratus 1300. 
The fluid passage 1335 is preferably selected to convey waWifllft such as 
cement^ drilling mud or epozies at flow rates and pressures ranging from about 
10 0 to 3,000 gallons/minute and 0 to 9»000 psi in order to optimal^ fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. 

The seab 1340 are coupled to and supported by the upper end portion 
1355 of the tubular member 1310. The seals 1340 are further positioned on an 
15 outer surfiace of the upper end portion 1355 of the tubular membo- 1310. The 
seals 1340 permit the ovOTlapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular mnnber 1310 to be 
fluididy sealed. The seals 1340 may comprise any number of conventional 
commerdally available seals such as, for example, lead, rubber, Teflon, or epoxy 
20 seals modified in aooordanoe with the teachings of the present disclosure. In a 
preferred embodiment, the seals 1340 comprise seals molded from Stratalock 
epozy available from Halliburton Energy Services in DallaSi TX in order to 
optimally provide a hydraulic seal in the annulus of the overlapping joint while 
also creating optimal load bearing capability to withstand typical tensile and 
25 compresatve loads. 

In a preferred embodiment, the seals 1340 are selected to optimaUy 
provide a sufficient fiictional force to support the expanded tubular member 
1310 from the existing casing 1215. In a preferred ^nbodiment, the frictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 
30 order to optimally support the expanded tubular member 1310. 

The support membo* 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member baving sufOdent strengtb to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200, In a preferred 
embodiment, the support member 1345 further include one or mora 
conventional centraiizers (not ilhistrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment, the support member 1345 ia thoroughly 
cleaned prior to assembfy to the remaining portions of the apparatus 1300. In 
this maimer, the introduction of foreign material into the apparatus 1300 is 
minimized. Thisininimizes the possibilitjr of foreign matmal dogging the 
10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion prooess. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior^ 
region 1370 of the tubular n^ember 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 
15 may comprise one or more conventional commercially available wiper plugs 
such as, for example. Multiple Stage Cementer latch-down plugs, Omega latch- 
down plugs or three-wiper latch-down pltig modified in accordance witii the 
teachings of the present disclosure. In a preferred embodiment, the wiper plug 
1350 comprises a Multiple Stage Cementer latch-down plug available from 
20 Halliburton Energy Services in Dallas, TX modified in a conventional manner 
for releasable attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a coui^e of wellbore 
volumes are circulated in order to ensure that no foreign materials are located 
25 within the wellbore 1200 that might clog up the various flow passages and 
valves of the apparatua 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 
30 1380 then passes from the fluid passage 1320, through the fluid passage 1375, 
and into the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305. The material 1380 then passes from the interior 
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region 1370 into the fluid passage 1330. The material 1380 then exits the 
^paratua 1300 via the fluid passage.1335 and fills the annular region 1390 
between the exterior of the tubular member 1310 and Uie inteiior waU of the 
new section 1230 of the wellbore 1200. Continued pumping of the material 
5 1380 causes the material 1380 to fill up at least a portion of the annular region 
1390. 

The material 1380 taay be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 pd and 0 to 
1,500 gallona^un, respectively. In a {Hreferred embodiment, the material 1380 
10 is pumped into the annular r^on 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1.500 gaUona/hun, respectively, in order to 
optiniaUy fill the annular region betyreen the tubular member 1310 and the new 
section 1230 of the wellbore 1200 with the hardenahle fluidic sealing material 
1380. 

15 The hardenahle fluidic sealing material 1380 may comprise any number 

of conventional commerdaUy avaflable hardenahle fluidic sealing materials such 
as, for example, slqg mix, cement or epoxy. In a preferred onbodiment, the 
hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton 
20 Ea&rgy Sorvioes in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimum blend of the cemoit is preferably determined using conventional 
empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 
25 sufiicient quantities to ensure that, upon radial expansion of the tubular 
member 1310, the annular region 1390 of the new section 1230 of the wellbore 
1200 will be filled with material 1380. 

As illustrated in Fig. lid. once the annular r^on 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, 
30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
pumped through the fluid passage 1320 by a non hardenahle fluidic material 
1381. The wiper dart 1395 then preferabfy engages the wiper plug 1350. 
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As illustrated in Pig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395 with tlie wiper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 
then preferably will lodge in the fluid passage 1330, thereby bloddng fluid flow 
5 throu^ the fluid passage 1330. and fluididy isolating the interior region 1370 
of the tubular member 1310 from the annular region 1390. In a preferred 
embodiment, the non hardenable fluidic material 1381 is then pumped into the 
interior region 1370 causing the interior region 1370 to pressurize. Once the 
interior region 1370 becomes sufiidaitly pressurized, the tubular member 1310 
10 is extruded off of the eaqpandable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded portion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferab^ placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
15 in a conventional manner. The wiper dart 1395 may comprise any niunber of 
conventional conunerdally available devices from plugging a fluid passage such 
as, for example. Multiple Stage Cemento* latch-down plugs. Omega latch-down 
irfugs or three wiper latch-down plug/dart modified in accordance with the 
teachings of the present disdosure. In a preferred embodiment, the wiper dart 
20 1395 comprises a three wipa latch-down plug modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available from Halliburton Energy Services in Dallas, TX. 

After bloddng the fluid passage 1330 using the wiper plug 1330 and 
wiper dart 1395, the non hardenable fluidic matmal 1381 may be pumped into 
25 the interior region 1370 at pressures and flow rates ranging^ for example, from 
approximate^ 0 to 5000 psi and 0 to 1,500 gallong/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
member 1310 is minimized. 
30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1381 is preferab^ pumped into the interior 
region 1370 at pressures and flow rates ranging from approximately 500 to 
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9,000 pd and 40 to 3,000 gallons/min in order to optimally provide operating 
pressures to majntnfo the expansioi^.prooess at rates sufiSdent to permit 
ac^ustemts to be made in operating parameters during the extrusion process. 
For typical tubular mranbers 1310, the extrusion of the tubular member 
5 1310 off of the expandable mandrel 1305 will begin when the pressure of the 
intmor region 1370 reaches, for example, approximately 500 to 9,000 pel In a 
preferred raibodiment, the extrusion of the tubular member 1310 off of the 
expan d a bl e mandrel 1305 is a function of the tubular member diameter, wall 
Uiidmess of the tubular mttnber, geometry of the mandrel, the type of 
10 lubricant^ the oompoaition of the shoe and tubular member, and the yield 
strength of the tubular member. The optimum flow rate and op^ting 
pressures are preferably determined using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 maybe 
raised out of the expanded portion of the tubular member 1310 at rates 
15 ranging, for example, firom about 0 to 5 ft/sec In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging firom about 0 
to 2fl/secin order to optimally provide an efficient process, optimal^ permit 
operator at^ustment of operation parameters, and ensure optimal completion of 
20 the extrusion process before curing of the material 1380. 

Whm the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer surface of the upper end 
portion 1355 of the tubular member 1310 will preferabty contact the interior 
surface of the lower end portion of the casing 1215 to form an fluid tight 
25 overlapping joint Thecontactpressureof the overlapping joint may range, for 
example, from approximately 50 to 20,000 psL In a preferred embodiment, the 
contact pressure of the overlap[»ng joint ranges firom approximately 400 to 
10,000 psi in order to optimal^ provide contact pressure sufiBdwt to ensure 
a Tin u lar sealing and provide enou^ resistance to withstand typical tensile and 
30 compressive loads. In a particularly preferred embodiment, the sealing 
members 1340 will, ensure an adequate fluidic and gaseous seal in the 
overlapping joint 
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In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable. fluidic material 1381 is controUably ramped down when the 
expandable mandrel 1305 reaches the upper end portion 1355 of the tubular 
member 1310. In this nianner, the sudden release of pressure caused by the 
5 complete ertrusion of the tubular member 1310 olf of the expandable mandrel 
1305 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantiaUy linear fashion from 100% to about 10% during the 
end of the eztaiision process beginning when the mandrel 1305 has completed 
approximately aU but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Altmiatively, or in combinatian, a mandrel catching structure is 
provided in the upper end portion 1355 of the tubular member 1310 in order to 
15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 

removed from the weUbore 1200. In a preferred embodiment, either before or 

after the removal of the expandable Dumdrel 1305, the integrity of the fluidic 

seal of the overlapping joint between the uppo- portion 1365 of the tubular 

20 member 1310 and the lower portion of the casing 1215 is tested using 

conventional methods. If the fluidic seal of the overi^iping joint between the 

upp^ portion 1355 of the tubular member 1310 and the lower portion of the 

casing 1215 is satiafiu^ory, then the uncured portion of the material 1380 

within the expanded tubular member 1310 is thai removed in a conventional 

25 manner. The matoriai 1380 within the annular xegion 1390 is then allowed to 
cure. 

As illustrated in Fig, llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubular member 1310 and an 
outer annular layer l405 of cured material 305. The bottom portion of the 
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apparatus 1300 comprising the shoe 1315 may thm be removed by drilling out 
the shoe 1315 using oonventioQal Aiiimg methods. 

Referring now to Figs. 12 and 13, a prdTerred embodiment of a w^ead 
system 1500 formed using one or more of the apparatus and processes described 
5 above with reference to Figs. Hlf wiU be described. The wellhead system 1500 
preferably includes a conventional Christmas tree/drilling spool assembly 1505, 
a thick wall casing 1510, an annular body of cement 1515, an outer casing 1520, 
an annular bo^y of cement 1525, an intermediate casing 1530, and an inner 
casing 1535, 

10 The Christmas tree/drilling spool assemb^ 1505 may comprise any 

number of conventional Christmas tree/drilling spool assemblies such as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead System available from supplim such as Dril- 
Quip, Cameron or Breda, modified in accordance with the teachings of the 
15 present disclosure. The drilling spool assembly 1605 is preferably operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assembly 1505 m^y be coupled to the thidc wall casing 1510 and/or outer casing 
1520, for example, welding, a threaded connection or made from single stock. 
In a preferred embodiment^ tlie aasembfy 1505 is coupled to the thick wall 
20 casing 1510 and/or outer casing 1520 by welding* 

The thick wall casing 1510 is positioned in the upper end of a wellbore 
1540. In a preferred embodiment, at least a portion of the thick wall casing 
1510 extends above the surface 1545 in order to optimally provide easy access 
and attachmmt to the Christmas tree/drilling spool assembly 1505. The thick 
25 wall casing 1510 is preferabfy coupled to the Christmas tree/drilling spool 
assembly 1505, the annular bo^y of cement 1515, and the outer casing 1520. 

The thick wall casing 1510 msy comprise any number of conventional 
commercially available high strength wellbore cnings such as, for example. 
Oilfield Country Tubular Gooda, titanium tubing or stainless steel tubing. In a 
SO pref^red embodiment, the thick wall casing 1510 comprises Oilfield Country 
Tubular Goods available fit>m various fordgn and domestic steel mills. In a 
preferred embodiment, tixe thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 psi in order to optimally provide mnTiTntim burst, collapse, 
and tensile strengtha.. In a preferred eai!)0<liineiit, the thick wall casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in order to 
optimally provide maTimnm opmting capadiy and resistance to degradation of 
5 capacity after being drilled throng for an extended time period. 

The annular bo^y of cement 1515 provides support for the thick wall 
casing 1510. The annular hodj of cem«t 1515 may be provided using any 
number of conventional prboesses for forming an annular body of cement in a 
weDbore. Tlie annular bo4y of cement 1515 may comprise any number of 
10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated from any number of conventional commerdally 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the outer casing 1520 comprises 
15 any one of the expandable tubular members desmbed above with reference to 
Pigs. Hit 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
wall casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodiments of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative embodiment, substantiaUy all of the overlap of the 
outer casing 1520 with the thick waU casing 1510 contacts with the interior 
surface of the thidc wall casing 1510. 

The contact preesure of the interface between the outer casing 1520 and 

25 the thick waU casing 1510 may range, for example, from about 500 to 10,000 
psi. In a preferred embodimenti the contact pressure betweoitiie outer casing 
1520 and the thidc wall casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing members and to 
ensure that the ovwiapping joint will optimally withstand typical extremes of 

30 tensile and compressive loads that are experienced during drilling and 
production operations. 
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As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expanded outer casing 1520 
and the interior wall of the thick wall casing 1510. The sealing members 1550 
5 may comprise any number of cooventional commercially available seals such as, 
for example, lead, plastic, rubber, Teflon or epozy, modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the sealing 
members 1550 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in order to optamaUy provide an I^ydraulic seal and 
10 a load bearing interference fit between the tubular members. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 5Q0 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optimally ensure that the 
joint will withstand the t3fpical operating extremes of tensile and couQiressive 
15 loads during drilling and production operations. 

In an alternative preferred onbodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The annular body of cement 1525 provides support for the outer casing 
1520. In a preferred embodiment, the annular body of cement 1525 is provided 
20 using any one of the embodiments of the apparatus and processes described 
above with reference to Figs. 1-llf. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment^ the intermediate casing 
1530 is coupled to the thick wall casing 1510. The intermediate casing 1530 
25 may be fofaricated from any number of conventional oommerdally available 
tubular members modified in accordance with the teachings of the present . 
disclosure. In a preferred onbodimenti the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Figs. Mlf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wall casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and apparatus described above with reference to 
Pigs. 1-llf. In an alternative preferred embodiment, the entire length of the 
overlap of the intermediate casing 1530 with the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface betwera the intermediate casing 1530 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 psi. Inapreferred 
embodiment, the contact pressure between the intermediate casing 1530 and 
the thick waU casing 1510 ranges from about 500 to 10.000 psi in oider to 
optimally activate the pressure activated sealing members and to optimally 
10 ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads ezperi raced during drilling and production operations. 

As illustrated in Fig^ 13, in a particularly prefeixed embodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between the expanded 
15 end of the intmnediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may comprise any number of 
conventional commercially available seals such as. for example, plastic, lead, 
rubber. Teflon or epos^. modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the sealing members 1560 
20 comprise seals molded from StrataLock epoxy available from HaUiburton 
Energy Services in order to optimally provide a hydraulic s&d and a load 
bearing interfvrace fit between the tubular m^nbers. 

In a prefOTed embodiment, the contact pressure of the interface between 
the expanded end of the intermediate casing 1530 and the thick wall <*wying 
25 1510 ranges from about 500 to 10.000 pei in order to optimally activate the 
sealing mraibera 1560 and also optimally ensure that the joint will withstand 
typical operating extremes of tensile and compressive loads that are 
experienced during driUing and producta(m operationa. 

The inner casing 1535 may be coupled to the outer casing 1520 or the 
30 thick wall casing 1510. In a preferred embodiment, the inner casing 1535 is 
coupled to Uie thick wall casing 1510. The inner casing 1535 may be fabricated 
from any number of conventional conunerciaUy available tubular members 
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modified in accordance with the teachings of the present disclosizre. In a 
preferred embodiment,, the inner ca3ing 1535 comprises any one of the 
expandable tubular members described above with reference to Figs. 1-llf. 

In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing 15120 by expanding at least a portion of the inner casing 1535 into 
contact with the interior surface of the thick wall casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. l*llf. In 
an alternative preferred embodiment, the entire length of the overliq) of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 
10 contacts the inner surfaces of Uie thick wall casing 1510 and intermediate 
casing 1530. The contact pressure of the interface between the inner casing 
1535 and the thick wall casing 1510 may range, for example from about 500 to 
10,000 pet In a preferred embodiment, the contact pressure between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 
15 in order to optimally activate the pressure activated sealing members and to 
ensxire that the joint will withstand typical extremes of tensile and compressive 
loads that are commonly operienced during drilling and production operations. 

Ab illustrated in Fig. 13, in a particular^ preferred embodimmt, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 
20 that provide a gaseous and fluidic seal betwera the expanded end of the inner 
casing 1535 and the interior wall of the thkk wall casing 1510. The sealing 
members 1570 may- comprise any number of conventional commCTdaUy 
available seals such aa, for exan^de, lead, plastic, rubber, Teflon or epoxy, 
modified in accordance with the teachings of the present disdosure. In a 
25 preferred embodimoit, the sealing monbers 1570 comprise seals molded from 
StrataLock epoxy available from Halliburton Energy Services in order to 
optimally provide an hydraulic seal and a load bearing interference fit. In a 
preferred embodiment, the contact pressure of the interface between the 
expanded end of the inner casing 1535 and the thidk wall casing 1510 ranges 
30 from about 500 to 10,000 psi in order to optimally activate the sealing members 
1570 and also to optinaalty ensure that the joint will withstand typical operating 



-82- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



extremes of tensile and compressive loads that are experienced during drilling 
and production operations. 

In an alternative embodiment, the inner casixigB, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in turn 
5 coupled to the outer casing 1510. More generally, the present prefored 
embodinmts may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and Apparatus for forming a mono-diameter well 
10 casing within a subtemmean fonnation will now be described. 

As iUustrated in Fig. 14a, a weObore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. 
The first section of casing 1610 includes an annxalar outer body of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 
15 formed in the wdlbore 1600 using conventional methods and apparatus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and apparatus described above with reference to Figs. 1-13 
or below with reference to Figs. 14b-17b. 

The annular body of cemrat 1615 may comprise any number of 
20 conventional commercially available cement, or other load bearing, 
compositions. Alt«natively, the bo^y of cement 1615 may be omitted or 
replaced with an epoi^ mixture. 

The tubular section of casing 1620 preferably includes an upp^ end 1625 
and a lower rad 1630. Preferably, the lower end 1625 of the tubular section of 
25 casing lOMindudes an outer annular recesa 1635 extending firom the lower 
end 1630 of the tubular section of casing 1620. In this manner* the lower end 
1625 of the tubular section of casing 1620 includes a thin walled section 1640. 
In a preferred embodiment, an annular bo^y 1645 of a compressible material is 
coupled to and at least partially positioned within the outer annular recess 
30 1635. In this manner, the bod^ of conqiressible material 1645 surrounds 
lesst a portion of the thin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially availably, niaterials such as, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the tubular 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills. The wall thickness of the t^Hiti 
walled section 1640 may range trom about 0.125 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the thin walled section 1640 ranges from 
0«25 to 1.0 inches in order to optimal^ provide burst strength for typical 
10 operational conditions vfhikQ also minimising resistance to radial expansion. 
The axial length of the thin walled section 1640 may range from about 120 to 
2400 inches. In a preferred embodiment^ the axial length of the thin walled 
section 1640 ranges from about 240 to 480 inches. 

liie annular bo^y of compressible material 1645 helps to minimize the 
15 radial force required to expand the tubular casing 1620 in the overlap with the 
tubular member 1715, helps to create a fluidic seal in the overlap with the 
tubular momber 1715» and helps to create an interference fit sufiBcient to 
permit the tubular member 1715 to be supported by the tubular casing 1620. 
The annular bo^y of oompreesible material 1645 nu^ comprise any number of 
20 conmierdaUy available compressible matprials audi as,' for eziample, epoxy» 
rubber. Teflon, plastics or lead tubes. In a preferred embodiment^ the annular 
bo4y of compressible material 1645 comprises StrataLock epoxy available from 
Halliburton Energy Services in order to optimaUy provide an l^ydraulic seal in 
the overlapped joint while also having compliance to thereby minimize the 
25 radial force required to expand the tubular casing. The wall thickness of the 
annular boc|y of compressible material 1645 may range fix)m about 0.05 to 0.75 
inches. In a prepared ^nbodimait» the wall thirJmpna of the anniilur body of 
compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 
30 to expand the tubular casing, provide thickness for casing strings to provide 
contact with the inn^ stirfaoe of the weUbore upon radial expansion, and 
provide an hydraulic seal. 
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As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean formation 1605, a.driU struig is used in a well known manner to 
drill out material from the subterranean formation 1605 to form a new wellbore 
section 1650. The diameter of the new section 1650 is preferably equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wdlbore casing in a subterranean formation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annular 
body 1745, a second compressible annular body 1750, and a pressure chamber 
1755. 

The support member 1705 supports the apparatus 1700 within the 
15 wellbore 1600. The support member 1705 is coupled to the mandrel 1710, the 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a substantiaUy hollow tubular member. The fluid 
passage 17S0 is positioned within the support member 1705. The fluid passages 
1735 fluidicly couple the fluid passage 1730 with the pressure chamber 1755. 
20 The fluid passage 1740 fluididy couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support member 1705 may be fabricated from any number of 
conventional oonmaerdaUy available materiala such as, for example, oilfield 
country tubular goods, stainless ste^ low alloy steel, carbon steel, 13 chromium 
25 steel, fiber^aaa, or other high strength materials. In a pref erred embodiment, 
the support member 1705 is fabricated from.oilfield country fa^b^ilflr goods 
available from various foreign and (bmeistie steel mills in order to optimally 
provide operational strength and fiaiciliate the use of other standard oil 
exploration handling equipment In a preferred embodiment, at least a portion 
30 of the support member 1705 oonqnrises coiled tubing oir a drill pipe. In a 
particularly preferred iembodiment, the support member 1705 includes a load 
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shoulder 1820 for supportiiig the mandrel 1710 when the pressure chamber 
1755 is unpressvrizetd. 

The mandrel 1710 is supported by and slidingly coupled to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably includes an 
5 upper portion 1760 and a lower portion 1765. Preferably, the upper portion 
1760 of the mandrel 1710 and the support monber 1705 together define the 
pressure chamber 1755. Preferably, the lower portion 1765 of the mandrel 
1710 includes an ezpansion member 1770 for radially expanding the tubular 
member 1715. 

10 In a preferred embodiment^ the upper portion 1760 of the mandrel 1710 

includes a tubular member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an annular 
pressure chambw 1755 ia defined by and positioned between the tubular 
member 1775 and the support member 1705. The top 1780 of the tubular 
15 member 1775 preferably includes a bearing and a seal for sealing and 

supporting the top 1780 of the tubular member 1775 against the outer surface 
of the support member 1705. The bottom 1785 of the tubular monber 1775 
preferably includes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular member 1775 against the outer surface of the support 

20 member 1705 or shoe 1720. In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrd 1710 preferably includes an 
expansion member 1770 for radiaQy expanding the tubular member 1715 
during the preasurintioo of the pressure chamb^ Inaprrferred 

25 embodiinent, the ezpanaian member is expandable in the radial direction. In a 
prefOTred emhodimmt, the inner surface of the lower portion 1766 of the 
mandrel 1710 mates with and slides with respect to the outer surface of the 
shoe 1720. The outer diameter of the expansion member 1770 may range firom 
about 90 to 100 % of the inner diameter of the tubular casing 1620. In a 

30 preferred embodiment, the outor diameter of the expansion member 1770 
ranges from about.95 to 99 % of the inner i^ n m ^^ of the tubular casing 1620. 
The expansion member 1770 may be fabricated fit)m any number of 
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conventional commercially available materials such as, for example, machine 
tool steely ceramics^ tungsten carbide, titanium or other high strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimal^ provide hig^ strength and abrasion 
5 resistance. 

The tubular member 1715 is coupled to and supported by the support 
member 1705 and slips 1725. The tubular member 1715 includes an upper 
portion 1790 and a lower portion 1795. 

The ui^er portion 1790 of the tubular member 1715 preferably includes 
10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin walled section 1805, The first 
compressible annular member 1745 is preferably coupled to and supported by 
the outer siufaoe of the upper portion 1790 of the tubular member 1715 in 
15 opposing relation to the thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 prefoabiy includes 
an outer annular recess 1810 that extends frt>m the lower portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular memb^ 1715 indudes a thin walled section 1815. The 
20 second compressible annular meml>er 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of 
conventional oonunerdally available materials such as, for example, oilfield 
25 countiy tubular goods, stainless sted* low alloy steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, other hi{^ strength material, or high 
strength plastics. In a preferred embodiment, the tubular member 1715 is 
fabricated from oilfield country tubular goods available from various foreign 
and domestic sted mills in order to optmally provide opoational strength. 
30 The shoe 1720 is supported hy and coupled to the support member 1705. 

The shoe 1720 prefoably comprises asubstantially hollow tubular member. In 
a preferred embodiment, the wail thickness of the shoe 1720 is greater than the 
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wall thickness of the support member 1705 in order to optimally provide 
increased radial support to the mandrel 1710. The shoe 1720 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, stainless steel, automotive grade steel* 
5 low alloy steel, carbon steel, or hig^h strength plastics. In a preferred 
embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally 
provide matching operational strength throughout the apparatus. 

The slips 1725 are coupled to and supported by the support member 
10 1705. The slips 1725 removab^ support the tubular member 1715. Inthia 
manner, during the radial expansion of the tubular member 1715, the slips 
1725 help to maintain the tubular member 1715 in a substantiaQy stationary 
position by preventing upward movement of the tubular member 1715. 

The slips 1725 may comprise any number of convwtional commercially 
15 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type medianical slips, or Model 3L retrievable bridge 
plug tungsten carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical slips available 
from Halliburton Energy Services. In a preferred embodiment, the slips 1725 
20 are adapted to sunwrt axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1780 conveys fluidic materials from a surface location 
into the interior of the support member 1705, the pressure chamber 1755, and 
the region exterior of the apparatus 1700. The fluid passage 1730 is fludidy 
coupled to the pressure diamber 1755 by the fluid passages 1735. The fluid 
25 passage 1730 is fluidic^ coupled to the r^on exterior to the apparatus 1700 by 
the fluid passage 1740. 

In a preferred embodiment, the fluid passage 1730 is adapted to convey 
fluidic materials such as, for exan4>le» cement, epoxy, drilling muds, slag nux, 
water or drilling gasses. In a preferred embodim^t, the fluid passage 1730 is 
30 adapted to convey fluidic materials at flow rate and pressures ranging from 
about 0 to 3,000 gaUons/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 
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The fluid passages 1735 convey fluidic material from the fluid passage 
1730 to the pressure chamber 1755. In at preferred embodiment^ the fluid 
passage 1735 ia adiq>ted to convey fluidic materials such as, for ezanqtle, 
oementi epox7» drilling muds, water or drilling gasses. In a preferred 
5 embodiment, the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 psi. in order to optimaUy provide opiating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to thereon exterior to the apparatus 1700. In a preferred embodiment^ 
the fluid passage 1740 is adapted to convey fluidic materials such as, for 
example, cement, epoky, drilling muds, water or drilling gasses. In a {referred 
embodiment, the fluid passage 1740 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
15 9,000 psi. in order to optimally provide operating pressures and flow rates for 
the various radial expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the fluid passage 1740. In this manner, 
the pressure chamber 1755 may be pressurized 
20 The Grst compressible annidar body 1745 ia couided to and supported by 

an exterior surface of the upper portion 1790 of the tubular m^nber 1715. In a 
preferred embodiment, the first compressible annular body 1745 is positioned 
in opposing relation to the thin walled section 1805 of the tubular member 
1715. 

25 The first compressible annular bo4y 1745 helps to minimize the radial 

force required to expand the tidbular member 1715 in the overlap with the 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and helps to oeate an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubular casing 1620. The first 

30 compressible annular bo^y 1745 may comprise any number of commerciaUy 

« 

available compressible materials sudi as, for example, epo]^, rubber, Teflon, 
plastics, or hollow lead tubes. In a preferred embodiment, the first 
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compressible annular boc^y 1745 comprises StrataLock epoxy available from 
Halliburton. Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall thicknesa of the first compressible annular body 1745 may 
5 range from about 0.05 to 0.75 inches. In a inferred embodiment, the wall 
thickness of the first compressible annular body 1745 ranges fix>m about 0.1 to 
0.5 inches in order to optimally (1) provide a large compressible zone, (2) 
minimize the required radial expansion force, (3) transfer the radial force to the 
tubular casings. As a result, in a prefmred embodiment, overall the outer 

10 diameter of the tubular member 1715 is approximately equal to the overall 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least 
partially supported within the outer annular recesa 1810 of the tubular member 
1715. In a preferred embodiment, the second oonqiresaible annular body 1750 

15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helps to minimize the radial 
force required to expand the tubular member 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overiap of the tubular 
20 member 1715 with another tubular member, and helps to create an interference 
fit suf&dent to permit another tubular member to be supported by the tubular 
member 1715. The second compressible annular bo<|y 1750 may comprise any 
numbv of oommerciaUy availahle compressible materiala such as, for example, 
epoxy, rubber. Teflon, plastica OT hollow lead tubing. Inapreferred 
25 embodimfint, the first compreaaible annidar body 1750 comprises StrataLock 
epoxy available firom Halliburton Energy Services in order to optimally provide 
an hydraulic seal in the ovaiam>ed joint, and compressibility that minimizes 
the radial expansion force. 

The vfall thickness of the second compressible annnlnr body 1750 may 
30 range firom about 0.05 to 0.75 inches. In a preferred embodiment, ihe wall 
thickness of the second compressible annular b€)dy 1750 ranges fiT>m about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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mmimiz e the radial force required to expand the tubular member 1715 during 
subsequent radial cxpaiiaioii operatipuB. 

In an alternative embodiment, the outside diameter of the second 
compressible annular body 1750 is adapted to provide a seal against the 
5 sioTOunding formation thereby oKmiyifttine the need for an outer ««n^\lfir body 
of cement 

The pressure chamber 1755 is fludidy coupled to the fluid passage 1730 
by the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or drilling 
10 gases. In a preferred embodiment, the pressure chamber 1755 is adapted to 
receive fluidic materiala at flow rate and pressures ranging from about 0 to 500 
gallons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred CTibodiment, during pressurizatton of the pressure 
chamber 1755, the operating pressure of the pressure chamber ranges from 
15 about 0 to 5,000 psi in order to optimaUy provide expansion pressure while 
minimizing the possibility of a catastrophic failure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in 
the weUbore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particulariy preferred 
20 embodiment, the thin wall sections, 1640 and 1805, of the tubular casing 1620 
and tubular member 1725 are positioned in opposing overlapping relatioa. In 
this manner, the radial expansion of the tubular member 1725 will compress 
the thin wall sections, 1640 and 1805, and annuJiir compressible members, 1645 
and 1745, into intimate contact 
25 After positioning of the i^^psratus 1700, a fhiidic material 1825 is ih&i 

pumped into the fhiid passage 17^. Tlie fluidic material 1825 may comprise 
any number of conventional commercial^ available materials such as, for 
example, water, drilling mud, drilling gases, cement or epoxy. In a preferred 
embodiment, the fluidic material 1825 comprises a hardenable fluidic sealing 
30 material suth as, for example, cement in order to provide an outer annular body 
around the expand^ tubular member 1715. 
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The Qxiidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example, ranging firom about 0 to 9,000 
psi and 0 to 3,000 gallonsAninute. 

The fluidic material 1825 pumped into the fluid passage 17S0 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fiUs the annular region 1830 between the outside of the 
apparatus 1700 and the interior walls of the wellbore 1600« 

As illustrated in Fig. 14e, a plug 1835 is thm introduced into the fluid 
passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluididy isolating and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commercially 
available materials such as, for example, water, drilling mud or drilling gases. 
In a preferred embodiment, the fluidic inaterial 1825 comprises a non- 
15 hardenable fluidic material such as, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 m^y be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, tar example, from about 0 to 9,000 
psi and 0 to 500 gallons^unute. In a prtferred embodiment^ the fluidic 
20 material 1840 is pumped into the fluid passage 1730 at operating pressures and 
flow rates ranging from about SOD to 5,000 psi and 0 to 500 gaUona/minute in 
order to optimaUy provide operating pressures and flow rates for radial 
eoqMUision* 

Hie fluidic matmal 1840 pumped into the fluid passage 1730 passes 
25 through the fliud passages 1736 and into the pressure chamber 1755. 
Continued pumping of the fluidic material 1840 pressurizes the pressure 
chamber 1755. Thepressurixationof the pressure chamber 1755 causes the 
mandrel 1710 to move relative to the support member 1705 in the direction 
indicated by the arrows 1845. In this manner, the mandrel 1710 will cause the 
30 tubular mmber 1715 to expand in the radial direction. 

During the radial expansion process, the tubular member 1715 is 
prevented from moving in an upward direction by the slips 1725. A length of 
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the tubular member 1715 is then expanded in the radial direction through the 
pressurizatipn of the pressure chamber 1755. The length of the tubular 
member 1715 that is expanded during the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the operating pressure of the pressure chamber 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715. The position of the support member 1705 may 
be acyusted throu^out the radial expansion process in order to maintain the 
overlapping relationship between the thin walled sections, 1640 and 1805, of 
10 the tubular casing 1620 and tubular muober 1715. The stroking of the 

mandrel 1710 is thai repeated, as necessaiy, until the thui walled section 1805 
of the tubular member 1715 is expanded into the thin walled section 1640 of the 
tubular casing 1620. 

In a prefored embodiment, during the final stroke of the mandrel 1710, 
15 the slips 1725 are positioned as close as possible to the thin walled section 1805 
of the tubular member 1715 in order mininuze slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alteraativefy, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to ensure sufficient interference 
20 fit with the tubular casing 1620 to prevent axial displaeement of the tubular 
member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive ftnmiiiir body 1750 is large enough to 
provide an int^oace fit with the inside walls of the wellbore 1600 at an 
earfier point in the radial expansion process so as to prevent ftirther a 7n>l 
25 displacement of the tubular member 1715. In this final altOTiattve, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressurize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the 
30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubtilar member 1715 could normally 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 1710, the support member 1705 and mandrel 1710 are removed from 
5 the wellbore 1600. In a preferred embodim»t» the contact pressure between 
the deformed tfiin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi in order to 
optimaUy support the tubular member 1715 using the tubular casing 1620. 
In this manner, the tubular member 1715 is radially expanded into 
10 contact with the tabular casing 1620 by pressurizing the intedor of the fhiid 
passage 1730 and the pressure chamber 1755. 

- As illustarated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is con^det^ expanded in the radial direction fay the mandrel 
1710, the support member 1705 and mandrel 1710 are removed fit>m the 
15 wellbore 1600. In a prrferred embodiment, the annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body 1850. 
In the case where the tubular member 1715 is slotted, the hardenable fluidic 
material will ineferab^ permeate and envelop the expanded tubular member 
1715. 

20 The resulting new section of wellbore casing 1855 includes the expanded 

tubular member 1715 and the rigid outer annular body 1850. The overlapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 includes the deformed thin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745. The inner diameter of the 

25 resulting combmed vrelllwre casings is substantaally constant In this manner, 
a mono-diamet» wellbore casing is formed. Ttds process of expanding 
overlapping tubular m^nbers having thin wall end portions with compressible 
annular bodies into contact can be rq)eated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thousands 

30 of feet in a subterranean formation. 

Referring now €o Figures 15, 15a and 15b, an embodiment of an 
apparatus 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably indudes a drillpipe 1905, an innerstring adapter 
1910, a sealing sleeve 1915, an inner sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer sealing mandrel 1935, a load 
mandrel 1940, an expansion cone 1945, a mandrel launcher 1950, a mechanical 
5 slip body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adaptBr 1910. During 
operation of the apparatus 1900, the drillpipe 1905 supports the apparatus 
1900. The driUpipe 1906 preferably comprises a substantially hollow tubular 
10 member or members. The drillpipe 1905 may be fabricated flrom any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular drillpipe, fiberglass or coiled tubing. In a preferred 
embodiment, the drillpipe 1905 is fabricated from coiled tubing in order to 
fadliate the placement of the apparatus 1900 in non-vertical wellbores. The 
15 drillpipe 1905 may be coupled to the innerstring adapter 1910 using any 
number of conventional conunerdally available mechanical couplings such as, 
for example, drillpipe connectors, OCTG specialty type box and pin connectors, 
a ratchet-latch type connector or a standard box by pin connector In a 
preferred embodiment, the drillpipe 1905 is removably coupled to the 
20 innerstring adaptor 1910 by a drillpipe connection. 

The drillpipe 1905 preferably includes a fluid passage 1975 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 1980. In a preferred embodiment, the fluid passage 1975 is adapted to 
convey fluidic materials such as, for example, cement^ drilling mud, epoxy or 
25 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallonaAninute* 

The innerstring adapter 1910 is coupled to the drill string 1905 and the 
sealing sleeve 1915. The innerstring adaptor 1910 preferably comprises a 
substantially hollow tubular memb« or members. The innerstring adapter 
30 1910 may be fabricated frtim any number of conventional commercially 
available materials, audi as, for exan^de, oil country tubular goods, low alloy 
steel, caii>on steel, stainless steel or other high strength materials. In a 
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preferred embodiment^ the mnerstaing adapter 1910 is fabricated firom oilCeld ' 
oountiy tubolar goods in order to optimally provide mechanical propertiea that 
dosely match those of the drill string 1905. 

The innerstring adapter 1910 m^ be coupled to the drill string 1905 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpqie connectors, oilfidd country tubular goods 
specialty type threaded connectors, ratchet-latch type stab in connector, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adapter 1910 is removably coupled to the drill pipe 1905 by a driDpipe 
10 connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 
1915 using any number of conventional conunerdalfy available mechanical 
couplini^ such as, for example, driUpipe connection, oilfield country tiibular 
goods specialty type threaded connector, ratchet-latch type stab in connectors, 
or a standard threaded connection. In a prefoxed embodiment, the innerstring 
15 ads^ter 1910 is removably coupled to the sealing sleeve 1915 by a standard 
threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 
that is ads^ted to convey fluidic materials from the fluid passage 1975 into the 
fluid passage 1985. In a preCored embodiment, the fluid passage 1980 is 
20 adapted to convey fluidic materials such as, for example, cement, drilling mud, 
epoxy, or lubricants at operating pressures and flow rates ranging Erom about 0 
to 9,000 psi and 0 to 3,000 gallonsAninute. 

The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and 
the inner sealing mandrel 1920. The sealing sleeve 1916 preferabty comprises a 
25 substantial^ hollow tubular member or members. The sealing sleeve 1915 mi^ 
be fabricated from any number of conventional oommerdaUy available 
materials such as, for exanmde^ oilfield oountiy tubular goods, carbon steel, low 
alloy steel, stainless steel or other hi^ strength materials. In a preferred 
embodiment, the sealing aleeve 1915 is fabricated from oilfield country tubular 
30 goods in order to optimally provide mechanical propertieB that substantial^ 
match the remaining components of the apparatua 1900. 
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The sealing sleeve 1915 may be coupled to the inneratring adapter 1910 
iiaing any number of conventional oonunerdally available mechanical couplings 
such as, for example, dnllpipe connection, oilfield oountiy tubular goods . 
specialty type threaded connection, ratchet-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing sleeve 
1915 is removably coupled to the innerstring adapter 1910 by a standard 
threaded connection. The sealing sleeve 1915 may be coupled to the inner 
sealing mandrel 1920 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment^ the sealing sleeve 1915 is removably 
coupled to the inner seahng mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fluidic materials from the fluid passage 1980 into the fluid 
15 passage 1990. In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for esample, cement, drilling mud, epozy or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUonsAninute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 
20 the lower sealing head 1930* The inner sealing mandrel 1920 preferab^r 
comprises a substantial^ hollow tubular member or members. The inner 
sealing mandrel 1920 may be fabricated from any number of conventional 
commercially available tnateriala such aa, for example, oilfidd country tubular 
goods, stainlesa steel, low alloy steel, carbon steel or other similar hi^ atxength 
25 materials. In a prefer r ed embodiment, the inn&r sealing mandrel 1920 is 
fabricated fr^m stainless steel in order to optimally provide mechanical 
prop^es similar to the other components of the apparatus 1900 while also 
providing a smooth outer surface to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 
30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
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goods specialty type threaded coEmectioD, or a standard threaded oonnection . 
In a preferred embodimenty the inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1915 by a standard threaded oonnectiona. The 
inner sealing mandrel 1920 may be coupled to the lower sealing head 19S0 
5 using any number of oonventional conomercially available medianical couplings 
such as, for example, drilli»pe connection, oilfidd oounlzy tubular goods 
specialty type threaded connection, ratchet-latch ^ype stab in connectors or 
standard threaded oonnectiona. In a preferred embodiment, the inner sealing 
mandrel 1920 is removab^ coupled to the lower sealing head 1930 by a 

10 standard threaded connections oonnection. 

The inner sealing mandrel 1920 pr^erably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodimrati the fluid passage 1990 is 
adfi^ted to convqr fluidic materials such aa, for example, cement^ drilling mud, 

15 epoxy or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallonsAninute. 

The upper sealing head 1925 is oou|ded to the outer sealing mandrel 
1935 and the expansion cone 1945. The upper sealing head 1925 is also 
movabty coupled to the outer surface of the inner sealing mandrel 1920 and the 

20 inner surface of the caaing 1970. In this manner, the uppo- sealing head 1925, 
outer sealing mandrd 1935, and the ei^ianaion cone 1945 reciprocate in the 
axial direction. The radial dearance between the inner c]dindrical surface of 
the upper sealing head 1925 and the outer surface of the innor sealing mandrel 
1920 may range, for example, from about 0.025 to 0.05 inches. In a preferred 

25 embodimrat, the radial clearance between the inner cylindrical surface of the 
upper sealing head 1925 and the outer surface of the inner sealing mandrel 
1920 ranges from about 0.005 to 0.01 inches in ordor to optimally provide 
dearance for pressure seal placement The radial dearance between the outer 
cylindrical surfhce of the uppo: sealing head 1925 and the inner surface of the 

30 casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial dearance between the outer cylindrical 
surface of the upper sealing head 1925 and the inner surface of the caaiag 1970 
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ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for. the expansion oone, 1945 as the expansion cone 1945 is 
upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member 
5 having suhstantiaUyq^lindrical inner and outer surfaces. The upper sealing 
head 1925 may be fabricated from any numbar of conventional commercially 
available matoials such as, for example, oilfield countiy tubular goods, 
stainless steel, machine tod steel, or similar hi^ strength materials. In a 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 
10 steel in order to optimally provide high strength and smooth outer surfaces that 
are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one 
or more annular sealing members 2000 for sealing the interface between the 
upper sealing head 1925 and the inner sealing mandrel 1920. The sealing 
15 members 2000 may comprise any number of conventional commerdaUy 

available annular sealing members such as, for example, o-rings. polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2000 comprise polypak seals available from Paricer Seals in ordo* to 
optimally provide sealing for a long axial motion. 
20 In a preferred embodimwi, the upper sealing head 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on the lower sealing 
head 1980. 

The upper sealing head 1925 may be coupled to the outer sealing 
mandrel 1935 using any number of conventional oommerdally available 

25 mechanical oouplingB such as* for example, drillpipe connection, oilfield country 
tubular goods specialty t^npe threaded connection, or a standard threaded 
connections. In a preferred embodiment, the upper sealing head 1925 is 
removably coupled to the outer sealing mandrel 1935 1^ astandard threaded 
connections. In a preferred onbodiment, the mechanical coupling betweoi the 

30 upper sealing head 1925 and the outer sealing mandrel 1935 indudes one or 
more sealing memba:^' 2010 for fluididy sealing the interface between the 
upper sealing head 1925 and the outer sealing mandrel 1935. The sealing 
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members 2010 may comprise any number of conventional commercially 
avaUable sealing members such as, for example, o-rings, polypak seab or metal 
spring energized seals. In a prefmed embodiment, the sealing members 2010 
comprise polypak seals available from Parker Seab in order to optimally 
5 provide sealing for a long axial stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940. The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935* In t}%ia manner 
the upp&r sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 
10 axial direction. The radial clearance between the outer surfaceof the lower 
sealing head 1930 and the inner surface of the outer sealing mandrel 1935 may 
range, for example, from about 0.025 to 0.05 inches. In a prrferred 
embodiment, the radial clearance between the outer surface of the lower sealing 
head 1930 and the inner surface of the outer sealing mandrel 1935 ranges from 
15 about 0.005 to 0.010 inches in order to optimally provide a dose tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 1930 may be fabricated from any number of conventional commercially 
20 available materials such as, for example, oilCeld country tubular goods, 

stainless steel, machine tool steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimally provide high strength and resistance to wear, galling, 
corrosion, and pitting. 
25 The outer surface of the lower sealing head 1930 preferably includes one 

or more annular sealing members 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
members 2015 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals, 
30 or metal spring energized seals. In a preferred embodiment, the sealing 
members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 
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The lower sealing head 1930 may be coupled to tl^e inner sealing mandrel 
1920 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilCeld country tubular 
goods specialty type threaded connedion» welding, amorphous bonding or a 
5 standard threaded connection. In a preferred embodimenti the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a preferred embodiment, the mechanical coupling between the lowv 
sealing head 1930 and the inn^ sealing mandrel 1920 includes one or more 

10 sealing mmbera 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the inner sealing mandrel 1920. The sealing members 
2020 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2020 conqirise polypak 

15 seals available from Parker Seals in order to optimally provide sealing for a long 
anal motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
20 specialty type threaded connections, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 1930 
is removably coupled to the load mandrel 1940 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 1930 and the load mandrd 1940 includes one or more 
25 sealing mmbers 2025 for fluidicly sealing the interfieboe between the lower 
sealing head 1930 and the load mandrd 1940. The sealing members 2025 may 
comprise any number of conventional oommerdally available sealing members 
such as, for examfde, o-iings, polypak seals, or metal spring mergized seab. In 
a preferred embodiment^ the sealing membos 2025 comprise pofypak seals 
30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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In a preferred embodiment, the lower sealing head 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug 2045, or other similar device. In this manner, the fluid 
5 passage 1990 is fluididy isolated j&rom the fluid passage 1995. In this manner, 
the pressure chambo: 2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 
1925 and the expansion cone 1945. The onta sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 
10 the lower sealing head 1930. In this manner^ the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 1935 and the inner surface of the casing 1970 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
15 radial clearance between the outer surface of the outer sealing mandrel 1935 
and the inner surface of the casing 1970 ranges from about 0.025 to 0.125 
inches in order to optimally provide maximum piston surface area to maximize 
the radial expansion force. The radial clearance between the inner surface of 
the outer sealing mandrel 1935 and the outer surface of the lower sealing head 
20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment^ the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surfiaoe of the lower sealing head 1930 ranges from 
about O.OOS to 0.010 inches in order to optimally provide a twiniinitwn gap for the 
sealing elements to bridge and seal. 
25 The outer sealing mandrel 1985 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces^ The outer 
sealing mandrel 1935 may be fabricated frtun any number of conventional 
commercially available mataials such as, for example, low alloy sted, carbon 
steel, 13 chromium steel or stainless steeL In a inferred embodimrat, the 
30 outer sealing mandrel 1935 is fabricated fima stainless steel in order to 

optimally provide inaximum strength and minimum wall thickness while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to the upper sealing 
head 1925 using any number of conventional commerciaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods spedatty type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodiment, the outor sealing mandrel 1935 is 
removably coupled to the upper sealing head 1925 by a standard threaded 
connectiona connection. The outer sealing mandrd 1935 may be coupled to the 
expansion cone 1945 using any number of conventional oommmially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
10 tubular goods specialty type Uureaded connection, or a standard threaded 
connections connection, or welding. In a preferred embodiment, the outer 

sealing mandrel 1935 is removably coupled to the expansion cone 1945 by a 
standard threaded connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 
15 sealing mandrel 1920, and the outer sealing mandrel 1935 togeth^ define a 
pressure chamber 2030. The pressure chamber 2030 is fluididy coupled to the 
passage 1990 via one or more passages 2035. During oporation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluididy isolate the 
fluid passage 1990 from the fluid passage 1995. The pressure chamber 2030 is 

20 then pressurized which in turn causes the upper sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to reciprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

The load mandrel 1940 ia coupled to the lower sealing head 1930 and the 

25 mechanical slip body 1965. The load mandrd 1940 preferably comprises an 
a nn u l a r member having substantially cylindrical inner and outer surfaces. The 
load mandrel 1940 may be fabricated from any number of conventional 
commercially available materials such as, for oyawtpio oilfield countzy tubular 
goods, low allqy sted, carbon steel, stainless sted or other similar high strength 

30 materials. In a {sreferred emlnxiiment, the load mandrd 1940 is fabri 
oilfield countiy tubulw goods in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the lower sealing head 1930 
using any number of cQnventiQtxal commerdaUy available mechanical couplings 
such as, for example, drillpipe connection, oilfield countxy tubular goods 
specialty type threaded connection, welding, amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment, the load mandrel 1940 is 
removably coupled to the lower sealing head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to the mechanical slip boc^y 
1955 using any nmnbw of conventional commerdaUy available mechanical 
couplings such aa, for example, a drillpipe connectioii, oilfield coontiy tubular 
10 goods specialty type threaded connections, welding, amorphoua bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably ooiqiled to the mechanical slip bo^y 1955 by a 
standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 
15 adapted to convqr fluidic maieriala from the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 
1995 is adapted to conv^ fluidic matmals sudi as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 
20 The expansion cone 1945 is coupled to the outor sealing mandrel 1935. 

The expansion cone 1945 ia also movaUy coupled to the inner surface of the 
casing 1970* In this manner, the upper sealing head 1925, outer sealing 
mandrd 1935, and the expansion cone 1945 redprocate m the axial direction. 
The redprocation of the expansion cone 1945 causes the casing 1970 to expand 
25 in the radial direction. 

The eipansion cone 1945 preferably comprises an annular member 
having substantially grlindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, fi^m about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
30 surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions for the.typical range of tubular mendi)er8. 
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The axial length of the expansion cone 1945 may range, for example, 
fipom about 2 to.8 times the largest outer diameter of the expansion cone 1945. 
In a preferred embodiment* the axial length of the exp^sion cone 1946 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
6 in order to optimally provide stability and centralization of the expansion cone 
1945 during the expansion process. In a preferred embodiment, the an^e of 
attack of the eqnnsion cone 1945 ranges from about 5 to 30 degrees in order to 
optamaUy balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 an^^e of attack wiU vary as a function of the operating 
10 parameters ofthe particular expansion operation. 

The expansion cone 1946 may be fabricated from any number of 
conventional commercially available materiab such aa, for example, machine 
tool steel, ceramics, tungsten carbide, nitride steel, or other similar high 
strength materials. In a preferred embodiment, the expansion cone 1945 is 
15 fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to corrosion, wear, galling, and pitting. In a 
particularly preferred embodiment, the outside surface of the expansion cone 
1945 has a surface hardn ess ranging from about 58 to 62 Rockwell C in order to 
optimally provide high strength and resist wear and galling. 
20 The expansion cone 1945 may be coupled to the outside sealing mandrel 

1935 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield tubular countiy 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred raibodiment, the 
25 expansion cone 1945 is coupled to the outside sealing mandrel 1935 using a 
standard threaded connections connection in ord^ to optimally provide 
connector strength for the typical operating loading oonditiona while also 
permitting easy replacement of the expansion cone 1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 
30 launcher 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the wall 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this manner, the initiation of the radial erpansion of the 
casing 1970 is facilitated, and the insertion of the larger outride diameter 
mandrel launcher 1950 into the wellbore and/or casing' is facilitated. 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
5 number ofconventional mechanical couplings. The mandrel launcher 1950 may 
have a wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the waU thickness of the mandrel Uuncher 1950 ranges 
from about 0.25 to 0.75 inches in order to optimallty provide high strength with 
a amaU overaU proffle. The noandrel launcher 1950 may be fabricated from any 
10 number of conventional commercially available materials such as. for example, 
oU field tubular goods, low aUoy steel, esrbon sted. stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated bam oU field tubular goods of higher strength but 
lower wall thickness than the casing 1970 in order to optimally proVide a thin 

15 walled container with approximately the same burst strength as the casing 
1970. 

The mechanical slip bo^y 1955 is coupled to the load mandrel 1970. the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 
1955 preferably conqnises a tubular monber having an inner passage 2050 
20 fluidicly coupled to the passage 1996. In this manner, fluidic materials may be 
convetyed firom the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip bo^y 1955 may be coupled to the load mandrel 1940 
using aiqr number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 1955 is removab^ coupled to the load 
25 numdrel 1940 using a standard threaded connection in order to optimaUy 
provide hi^ strength and permit the mechanical slip bo4y 1955 to be easily 
replaced. The mechanical slip bo<|y 1966 may be couided to the mechanical 
slips 1955 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1955 is removably ooapled to 

30 the medianicalsUps 1965 using threads and sliding steel retainer rings in order 
to optimally provide high strength coupling and also permit easy replaoement of 
the mechanical slips 1955. The mechanical slip bodty 1965 may be coupled to 
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the drag blocks 1965 using any numba: of conventional mechanical couplings. 
In a preferred embodiment, the mechanical slip body 1965 is removably coupled 
to the drag blocks 1965 using threaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy 
5 replacementof the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the 
mechanical slip body 1955. During operation of the ^vparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the axial reciprocation of the 
10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantially stationaiy position. In this manner, the mandrel 
launcher 1950 and casing 1970 are expanded in the radial direction by the axial 
movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any numba of conventional 
15 commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 1960 comprise RTTS packer 
tungsten carbide mechanical slips available from HalKburton Energy Services 
20 in order to optimally provide resistance to aadal movenient of the casing 1970 
during the expansion process. 

The drag blocks 1965 are coupled to the outside surface of the 
mechanical slip bo<*y 1955. During operation of the apparatus 1900, the drag 
blocks 1965 prev^t upward movement of the casing 1970 and mandrd 
25 launcher 1950. In this manner, during the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrel launcher 1950 are maintained in a 
subatantiaUy stationaiy position. In this manner, the mandrel launcher 1950 
and casing 1970 are expanded in the radial direction by the axial movement of 
the expansion cone 1945. 
30 The drag blocks 1965 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
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Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred einbodiment^ .the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970.during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 
1970 is further removably coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably comprises a tubular member. The casing 
1970 may be fabricateci from any number of conventional commercially 

10 available materials such as, for example, slotted tubulars, oil field country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfield coimtry tubular goods available from various foreign and domestic 
steel mills in order to optimally provide high strength. In a preferred 

15 embodimenti the upper end of the casing 1970 includes one or more sealing 
members positioned about the exterior of the casing 1970. 

During operationt the iqpparatus 1900 is positioned in a wellbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within 
an CTiating wellbore casing. In order minimize surge pressures within the 

20 borehole during placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressure rdief passages. During the 
placement of the apparatus 1900 in the wellbore, the casing 1970 is supported 
by the expansion cone 1946. 

After positioning of the apparatus 1900 within the bore hole in an 

25 overlamung relationship with an existing section of wellbore casing, a first 
fluidic material is pumped into the fluid passage 1975 from a surface location. 
The first fluidic material is conveyed from the fluid paasage 1975 to the fluid 
passages 1980, 1985, 1990, 1995, and 2050. The first fluidic material will then 
exit the apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
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epojQT or cement In a preferred embodiment, the first fluidic material 
comprises a hanienable Qui^ic sealing material such as, for eammple, cement or 
epoxjr. In this manner, a wellbore casing having an outer annular layer of a 
hardenable material may be formed. 
5 The first fluidic matmal may be pumped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi, and 0 to 3,000 gallona/kninute. In a preferred emboaiment, the first fluidic 
material is punqied into the ^paratus 1900 at operating pressures and flow 
rates ranging from about 0 to 4,500 pd and 0 to 3,000 gallons/minute in order 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the ixyectiGn of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 1900 has been 
filled to a predetermined level, a plug 2046, dart, or other aimflar device is 
15 introduced into the first fluidic material The plug 2045 lodges in the throat 
passage 2040 thereby fluididy isolating the fluid passage 1990 from the fluid 
passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second 
fluidic material is pumped into the fluid passage 1975 in order to pressurize the 

20 pressure chamber 2030. The second fluidic material may comprise any number 
of conventional commercially available maf^'ala such as, for aws»«pV water, 
drilling gases, drilling mud or lubricant In a prefored embodiment, the second 
fluidic material compriBes a non-hardmable fluidic material such as, for 
example, water, drilling mud or lubricant in order minimize fricfcional forces. 

25 The second fluidic material may be punqied into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallonaAninute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 1900 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi, and 0 to 1,200 gallons/kninute in 

30 order to optimally provide expansion of the casing 1970. 

The pressurization of the pressure chamber 2030 causes the uppw 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an axial direction. As the expansion cone 1945 moves in the axial 
direction, the expansion cone 1945 pulls the mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this- manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 
launcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic matmal is reduced and the drill string 1905 is raised. This 
10 causes the inner sealing mandrel 1920, lower sealing head 1930, load mandrel 
1940, and mechanical slip bocfy 1955 to move upward This unsets the 
mechanical slips 1960 and permits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel launcher and *^in g 1970. When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 
15 fluidic material is again pressurized and the radial expansion process continues. 
In this manner, the mandrel laundier 1950 and casing 1970 are radial expanded 
throui^ repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1936 and expansion cone 1945, Throughput the radial expansion 
process, the upper end of the casing 1970 is preferably maintained in an 
20 overlappingrelation with an existing section of wdlbofe casing. 

At the end of the radial expansion process, the uppw end of the casing 
1970 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 1970 provide a fluidic seal 
25 between the outside surface of the upper end of the casing 1970 and the inside 
surfaceof the lower end of flie existing wellbore casing. In a preferred 
ambodimenti the contact preasmre betwe^ the casing 1970 and the existing 
section of wdlbore casing ranges firom about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing memb^, provide 
30 optimal resistance to axial movement of the expanded casing 1970, and 
optimally support typical tensile and compressive loads. 
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In a preferred embodiment, as the expansion cone 1945 nears the end of 
the casing 1970^ the operating flow rate of the second fluidic material is reduced 
in order to minimize shock to the ^>paratus 1900. In an alternative 
embodiment^ the apparatus 1900 includes a shock absorber for absorbing the 
5 shock created 1^ the completion of the radial expansion of the casing 1970. 

In a preferred embodiment^ the reduced operating pressure of the second 
fluidic material ranges firom about 100 to 1,000 psi as the expansion cone 1945 
nesrs the end of the casing 1970 in order to optimafly provide reduced axial 
movement and velodly of the expansion cone 1945, In a preferred embodiment, 
10 the opmiting pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the range of about 0 to 500 psi in order 
minimizjB the resistance to the movement of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the apparatus 1900 ranges from 
about 10 to 45 feet in order to optimally provide equipment lengths that can be 
15 handled by typical oil well rigging equipment while also minimizing the 

frequency at which the expansion cone 1945 must be stopped so the apparatus 
1900 can be re*stroked for ftirther expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing 
head 1925 includes an expansion oone for radially expanding the mandrel 
20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the surface area of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920 in 
25 order to simplify the operation and assembly of the apparatus 1900. 

Upon the complete radial eqnnsion of the casing 1970, if applicable, the 
first fluidic material is permitted to cure within the «wf ^ t^ |ft r region between the 
outside of the expanded casing 1970 and the interior walls of the wellbore. In 
the case wbm the expanded casing 1970 is slotted, the cured fluidic material 
30 will preferab^ permeate and envelop the expanded casing. In manner, a 
new section of wellbore casing is formed within a wellbore. Alternative^, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipeline. Altonatively, the ^paratiw 1900 may be used to directly 
line the intmor of a wellbore wiih a casing, without the use of an outer annular 
layer of a hardenable materiaL Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

apparatus 1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, 
and the pressure chamber 2030. No fluid pressure acts directly on the mandrel 
launcher 1950 and casing 1970. This permits the use of opmtting pressures 
higfa^ than the mandrel launcher 1950 and casing 1970 could normally 
10 withstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2100 preferably includes a drillpipe 2105, an innerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, slipe 2125, upper 
15 sealing head 2130, lower sealing head 21S5, outer sealing mandrel 2140, load 
mandrel 2145, expansion cone 2150, and casing 2155. 

The drillinpe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 
2100. The drillpipe 2105 preferably comprises a substantially hollow tubular 
20 member or membm. The drillpipe 2105 may be fabricated from any numbv of 
conventional commercaaUy available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength material. In a preferred embodiment, the drillpipe 2105 is 
fabricated from opiled tubing in order to fadUate the pUoement of the 
25 apparatus 1900 in non-votiealwellboree. The drillpqie 2105 nuv be coupled to 
the innerstring adapter 2110 using ai^ number of conventional oonomerdally 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield countzy tubular goods specialty type threaded connection, ratchet*latch 
type connection, or a standard threaded connection. In a preferred 
30 embodiment, the drillpipe 2105 is removably coupled to the innerstring adapter 
2110 by a drill pipe coiinection. 
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The dnUpipe 2105 preferably includes a fluid passage 2160 that is 
adapted to cpnvey flujidic materials firom a surface location into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convey flnidic materials such as» for example, cement^ ^poxy* wattt-, drilling 
5 mud or lubricants at opmting pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3*000 gallonaAninute. 

The innerstring Bdapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The innerslnng adapter 2110 preferably comprises a 
substantialhr hollow tubular member or members. The izmerstring adapter 
10 21 10 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength matmals. 
In a preferred embodiment^ the innerstring adapter 2110 is fabricated from 
stainless steel in order to optimally provide high strength, low friction, and 
15 resistance to corrosion and wear. 

The innerstring adapter 2110 may be coupled to the drill string 2105 
using any numb^ of conventional commerdaUy available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type connection or a standard 
20 threaded connection. In a preferred embodiment, the innerstring adapter 2110 
is removably coupled to the drill pipe 2105 by a drillpipe connection. The 
innerstring adapter. 21 10 may be coupled to the sealing sleeve 2115 using any 
number of conventional commercially available medianical couplings such as, 
for exan^de, drillpipe connection, oilfield country tabulw goods spedalty type 

25 thrmded connection. ratcfaet^Utch type thrBmigti cnnnggtann^ nr a g faifitfiaT 't^ 

threaded connection. In a pre fer red qnbodimcnt» the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded 

connection. 

The innerstring adulter 2110 preferably indudes a fluid passage 2165 
30 that is adapted to convey fluidic materials from the fluid passage 2160 into the 
fluid passage 2170.. In a preferred embodimoit, the fluid passage 2165 is 
adapted to convey fluidic materials such as, for example, cement, epoxy^ water 
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driiling muds, or lubricants at operating' pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons^oinute. 

The sealing sleeve 2115 is coupled to the innerstring adi^ter 2110 and 
the inner sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a 
5 substantially hollow tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon 
steel, stainless sted or other similar high strength mafeeriala. Inapreferred 
embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 
10 to optimaUy provide high strength, low friction surfaces, and resistance to 
corrosion, wear, galling, and pittmg. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 
using any number of convrational oommerdaUy available mechanical couplings 
such as, for example, a standard threaded connection, oilfield country tubular 
15 goods specialty type threaded connectiona, wdding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 
2115 is removabfy coupled to the innerstring adapter 2110 by a standard 
threaded connection. The sealing sleeve 2115 may be coupled to the inner 
sealing mandrel 2120 using any number of oonventional commercially available 
20 mechanical couplings such as, for example, a standard threaded connection, 
oilfield country tubular goods specialty type threaded connections, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the sealing sleeve 2115 is removably coupled to the inner sealing 
mandrel 2120 by a standard threaded connection. 
25 The sealing sleeve 2115 preferably includes a fluid paraage 2170 that is 

adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. In a preferred embodiinrat, the fluid passage 2170 is adapted to 
convey fluidic materials such as, for example, cement, epoaor* water, drilling 
mud, or lubricants at operating ivessures and flow rates ranging from about 0 
30 to 9,000 psi and 0 to 3,000 gallona/mtnuta. 

The innor sealing mandrel 2120 ia coupled to the sealing sleeve 21 15, 
slips 2125, and the lower sealing head 2135. The inner sealing mandrel 2120 
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preferably comprises a substantially boUow tubular member or members. The 
inn&c sealing mandrel 2120 may be iBdmcated frozn any numba of conventional 
commerdaUy available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other aimilar-higfa strength 
5 materials. In a preferred embodiment^ the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimaQy provide high strength, low 
friction surfaces, and corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using ai^ numbor of conventional commerciaUy available mechanical 
10 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to the sealing sleeve 2115 by a standard threaded connection. The 
standard threaded connection provides high strragth and permits easy 
15 replacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional commercially available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a prrferred embodiment, the inner sealing 
mandrel 2120 is r^ovably coupled to the slips 2125 by a standard threaded 
20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional conunercialty available 
mechanical coupUnge such aa, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a prefer red embodimrat^ the inner 
25 sealing mandrel 2120 is removably coupled to the lower sealing head 2135 by a 
standard threaded oonnectioii. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 
that is adapted to convey fluidie materials from the fluid passage 2170 into the 
fluid passags 2180. In a p r efer red embodiment, the fluid passage 2175 b 
30 adapted to convey fluidie materials such aa, for example, cement, epo^, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During operatioji of the apparatus 2100. the slips 2125 
preferably maintiiin the casing 2155 m a substantiaUy stationaiy position 
during the radial expansion of the casing 2155« In a preferred embodiment^ the 
5 slips 2125 are activated using the fluid passages 2185 to convey pressurized 
fluid material into the slips 2125. 

The shps 2125 may conqnise any number of commerdally available 
hydraulic slips such as, for example, RTTS packer tungsten carbide hydraulic 
slips or Model 3L retrievable bridge plug hydraulic slips. In a preferred 
10 embodiment, the slips 2125 comprise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton Energy Services in order to optamaUy provide 
resistance to axial movement of the casing 2155 during the expansion process. 
In a particularly preferred embodim»t, the slips indude a fluid passage 2190, 
pressure diamber 2195, spring return 2200, and Blip member 2205. 
15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any numbw of conventional medianical couplings. In a preferred embodiment, 
the slips 2125 are removabfy coupled to the outer surface of the inner sealing 
mandrel 2120 by a thread connection in order to optimally provide 
interchangeability of parts. 
20 The upper sealing head 2130 is coupled to the out« sealing mandrel 

2140 and expansion cone 2150. The upper sealing head 2130 is also movably 
coupled to the outer sur&oe of the inner sealing mandrel 2120 and the inner 
surfim of the casing 2155. In this manner, the upper sealing head 2130 
reciprocates in the axial direction* The radial dearance between the inner 
25 cylindrical surface of the iq)per sealing head 2130 and the outer siirflBwe of th^ 
inner sealing mandrel 2120 nuyr range, for example, from about 0.025 to 0.05 
inches. In a preferred onbodiment, the radial dearance between Uie inno* 
cylindrical surface of the upper sealing head 2130 and the outer smrface of the 
inno- sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in ord^ to 
30 optinudly provide a pressure seal The radial dearance between the outer 
grhndrical surface of t^e upper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 
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preferred emfaodiment, the radial dearaace between the outer cylindrical 
surface of the upper sealing head 2130 and the innra- surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optunaUy provide 
stabilization for the expansion cone 2130 during axial movement of the 
5 expansion cone 2130. 

Hie upper sealing head 2130 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaced. The upper sealing 
head 2130 mqr be fiabricated from any numbo: of conventional commercially 
available materials such as, for example, low aUoy steel, carbon steel, stainless 
10 steel or other similar high strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated from stainless steel in oider to optimally 
provide high stzength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more 
annular sealing members 2210 for sealing the interface between the upper 
15 sealing head 2130 and the inner sealing mandrel 2120. The sealing members 
2210 may comprise any number of convaxtional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seak. In a preferred embodiment, the sealing members 2210 
comprise polypak seals available bom Parker Seals in order to optimally 
20 provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 includes a 
shoulder 2216 for aupportang the upper sealing head 2130 on the lower sealing 
head 2135. 

The upper sealing head 2130 mi^ be coupled to the outer sealing 
25 mandrel 2140 using any number of conventional commercially available 

mechanical oouplinga such as, for example, drill|ape connection, oilfidd country 
tubular goods spedaity threaded connection, welding amorphoua bonding or a 
standard threaded connection. In a preferred anbodinMnt, the upper sealing 
head 2130 is removably ooapled to the outer sealing mandrel 2140 fay a 
30 standard threaded connection. In a preferred embodimoit. the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrel 
2140 includes one or more sealing membws 2220 for fluidicly sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. The sealing members 2220 nwy comprise any number of conventional 
coomiercially available sealing membeiB such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment^ the sealing 
5 members 2220 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 
and the load mandrel 2145. The lower sealing head 2135 is also movably 
coupled to the inner surface of the outer sealing mandrel 2140. In this maimer, 
10 the uppo* sealing head 2130» outer sealing mandrel 2140, and expansion cone 
2150 reciprocate in Oie axial direction. The radial clearance between the outer 
surface of the lower sealing head 2135 and ihe inner surface of the outer sealing 
manchrd 2140 may range/for exan^de, from about 0.0025 to 0.05 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
15 lower sealing head 2135 and the inner sur&ce of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optunaI](y provide minimal 
radial clearance. 

The lower sealing head 2135 preferab^ comprises an annular member 
having substantiaUy cylindrical inner and outer surfaces. The lower sealing 

20 head 2135 may be fabricated from any number of conventional commercially 
available materials such as, for exanqile, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless sted or other similar hi|^ strength materials. 
In a preferred embodiment, the lower sealing head 2136 is fabricated from 
stainless sted in order to optimaQy provide high strength, corrosion resistance, 

25 and low friction surfiBboes. The outer surface ofthe lower sealing head 2135 
prderably includes one or more ai^ptiti^ sealing members 2225 for sealing the 
interface between the lower sealing head 2135 and the outer sealing mandrel 
2140. The sealing members 2225 nu^ comprise any number of conventional 
oonunercially available annular sealing members such as, for example, o-rings, 

30 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing memb^ 222^ comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 
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The lower sealing head 2136 may be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially avaflable mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specially type threaded connection, welding, amorphous bonding, or a 
5 standard threaded connection* In a preferred embodiment, the lower sealing 
head 2135 is removably couided to the inno* sealing mandrel 2120 fay a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 
2120 indudes one or more sealing members 22S0 for fluididy sealing the 
10 interface between the lower sealing head 2135 and the inner se^ 

2120. The sealing membm 2230 may comprise any number of conventional 
commerdally available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
monbers 2230 comprise polypak seals available from Parker Seals in order to 
15 optimally provide sealing for a long axial stroke. 

The lowtt sealing head 2135 may be coupled to the load mandrel 2145 
using any number of conventional conunerdaUy available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, vrdding, amorphous bonding, or a standard 
20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removably coupled to the load mandrel 2145 by a standard threaded 
connection. In a preferred embodimeuty the mechanical coupling between the 
lower sealing head 2135 and the load mandrel 2145 indudes one or more 
sealing members 2236 for fluididy sealing the interfooe between the lower 
25 sealing head 1930 and the load mandrel 2145. The sealing members 2235 may 
Gonqxrise any number of conventional commeraaUy available sealing membos 
sudiaa, for examine, o*rin0i, polypak seals, or metal springer In 
a preferred embodiment^ the sealing members 2235 conqxrise polypak seals 
available firom Parker Seals in order to optimally provide sealing for a long axial 
30 stroke. 

In a preferred embodiment, the lower sealing head 2135 indudes a throat 
passage 2240 fluididy coupled between the fluid passages 2175 and 2180. The 
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throat passage 2240 is preferably of reduced size and is adapted to receive and 
engage with a plug 2245, or other similar device. In this manner, the Ouid 
passage 2175 is fluididy isolated bom the fluid passage 2180. In this manner, 
the pressure chamber 2250 ia pressurized. 

5 The outer sealing mandrel 2140 ia coupled to the upper sealing head 

2130 and the ocpansion cone 2150. The outra- sealing mandrel 2140 is also 
movably coupled to the inner surface of the casing 2155 and the outer surface of 
the lower sealing head 2135. In this manner, the upper sealing head 2130, 
outer sealing mandrel 2140, and the expansion cone 2150 reciprocate in the 
10 axial direction. The radial clearance between the outer surface of the outer 
seahng mandrel 2140 and the inner surface of the casing 2155 nu^ range, for 
example, from about 0.026 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surfiEtce of the outer sealing mandrel 21^ 
and the inner surface of the casing 2165 ranges from about 0.025 to 0.125 
15 inches in order to optimaUy provide stabilization for the expansion cone 2130 
during the expansion pcocesa. The radial dearanoe between the inner surface 
of the outer sealing mandrd 2140 and the outer sur&ce of the lower sealing 
head 2135 may range, for exanqtle, from about 0.005 to 0.125 inches. In a 
prefored embodiment, the radial dearanoe between the inner surface of the 
20 outer sealing mandrel 2140 and the outer surfaoe of the lower sealing head 2135 
ranges from about 0.005 to 0.010 indies in order to optimaUy provide miiitm^i 
radial dearanoe. 

The outer sealing mandrel 2140 preferably comprises an annular 
member having Bubstantiall^ cylindrical inner and outer aurfacea. Theout^ 

25 sealing mandrel 2140 magr be fabricated from any number of conventional 
commndaQy available materialw audi as, fw example, oilfidd coimtiy tubular 
goods, low alloy steel, carbon steel, stainless steel, or other similar hi^ 
strength m a tza h, In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optimally provide high strengOi, 

30 corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any number of convmtional commerdally available mechanical 
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couplmgB such aa, for example, drillpipe connection^ oilfield countzy tubular 
goods spedaliy threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removabfy coupled to the upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 using any number of conventional oonunerdaUy available 
medianical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 
10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The npper sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure chamber 2250 is fluidicfy coupled to the passage 
15 2175 via one or more passages 2255. During operation of the apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluidicbr isolate the fluid 
passage 2175 firom the flxiid passage 2180. The pressure chamber 2250 is then 
pressurized which in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 
20 The axial motion of the expansion cone 2150 in turn expands the casing 2155 in 
the radial direction. 

The load mandrd 2145 is coupled to the lower sealing head 2135. The 
load mandrel 2145 preferably comprises an «>««MiftT member having; 
substantially cylindrical innv and outer surfaces. The load mandrel 2145 may 
25 be fabricated finmi any number of oonvmtional oommerciaUy available 
matprials such aa^ for example, oilfidd country tubular goods, low alloy sted, 
carbon steel, stainless steel or other siniflar hi{^ stzength niaterials. In a 
preferred embodiment, the load mandrel 2145 is fabricated from stainless steel 
in order to optimaUy provide high strength, corrosion resistance, and low 
30 friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commerdalfy available mechanical couplings 
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such as» for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodimenti the load mandrel 2145 is 
removably coupled to the lower sealing head 2135 hy a standard threaded 
5 connection in order to optimally provide high strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2145 preferably inchides a fluid passage 2180 that is 
ad^ted to convey fluidic materials from the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 
10 2180 is adapted to convey fluidic materials such as, for ezami^e^ cement, epo^^, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallona/minute* 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movab^ coupled to the inner surface of the 
15 casing 2155. In this manna*, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2150 causes the casing 2155 to expand 
in Uie radial direction. 

The expansion cone 2150 preferab^ comprises an afinniw member 
20 havingsubstantialtyc^indrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in ordo- to optimally provide cone 
dime n si o ns that are optimal for typical casings. The axial loigth of the 
25 expansion cone 2150 may range, for example, from about 2 to 6 times the 
largest outside diameter of the expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimally provide stability and centralization of the expansion cone 2150 during 
30 the expansion process. In a particulariy preferred embodiment, the maximum 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the angle of attadc of the expansion cone 
2150 ranges from about 5 to 30 di^rees in order to optimally balance friction 
forces and radial expansion forces. The optimal ezpandion cone 2150 angle of 
attack will vaiy as a fxmction of the particular operating conditions of the 
5 eaqransion operation. 

The expansion cone 2150 may be fabricated from any number of 
conventional commerdally available materials such as» for example* machine 
tool sted, nitride steel, titanium, tungsten carbide, ceramics, or oth v aiwiiiof 
high strength materials. In a prefored embodimrat, the expansion cone 2150 
10 is fU>ricated&nmD2 machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment^ the outside surface of the expansion cone 2150 has a sxirface 
hardness ranging bom about 58 to 62 Rockwell C in order to optimally provide 
resistance to wear. 

15 The expansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection- In a preferred embodimrat, the expansion cone 
20 2150 is coupled to the outside sealing mandrel 2140 using a standard threaded 
connection in order to optimaUy provide high strength and permit the 
expansion cone 2150 to be easily replaced* 

The casing 2155 is removabfy coupled to the sUpe 2125 and expansion 
cone 2150. The casing 2155 pr^md^ly con4>rises a tubular member. The 
25 casing 2155 may be fabricated from any number of conv^tional commercially 
avaUable m a tma ls such as, for exanqde, slotted tubulars, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength matorial. In a preferred embodiment, the casing 2155 ia fabricated 
from oilfield country tubular goods available from various foreign and domestic 
30 stedmilb in order to optiniaUy provide hi^ strength. 

In a preferred embodiment, the upper end 2260 of the casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270. 
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In a preferred embcdiment, the wall thickness of the thin wall section 2265 is 
about 50 to 100 % of the regular, wall thickqeas of the casing 2155. In this 
manner, the upper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact with the lower end of an ezisttng section of 
5 wellbore casing. In a preferred embodiment, the low« end of the existing 
section of casing also includes a thin wall section. In this mannv, the radial 
expansion of the thin walled section 2265 of casing 2155* into the thin waUed 
section of the existing wellbore casing results in a wellbore casing havinga 
substantially constant inside diameter. 
10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercial^ available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. In a prefenred embodiment, the annular sealing 
member 2270 ia fabricated from StntaLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 
15 sealing member 2270 preferably ranges from about 70 to 95% of the inside 
diameter of the lower section of the wellbore casing that the casing 2155 is 
joined to. In this manner, after expansion, the annular sealing member 2270 
preferably provides a fluidtc seal and also preferabfy provides sufiSdent 
frictional force with the inside surface of the existing section of wellbore casing 
20 during the radial expansion of the casing 2155 to stq>port the casing 2155. 
In a prrferred embodimttit, the lower end 2275 of the casing 2155 
includes a thin wall -section 2280 and an outer annular sealing member 2285. 
In a preferred embodiment^ the wall thidmess of the thin wall section 2280 is 
about 50 to 100% of the regular wall thickness of the casing 2155. In this 
25 manner, the lowo* end 2276 of the casing 2155 may be easi^ expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 2275 of the casing 2155 using a radial 
expansion process. In a preferred embodiment, the uppw end of the oUier 
section of casing also indudes a tiiin wall section. In this manner, the radial 
30 expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2280 of the lower end of the casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 may be &bricated from any number of 
convention^ oommerdaUy available sealing materials such as, for example, 
epoxy, rubber, metal or plastia In a inferred embodimait» the annular sealing 
mmber 2285 is fiedbricated from StrataLock epoxy in ordo* to optimally provide 
5 compressibilitjr and wear resistance. The outside diameter of the annular 
sealing member 2285 preferably ranges from about 70 to 95 « of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2155 is joined to. In this manner, the annular sealing member 2285 ineferably 
provides a fluidic seal and also preferably provides sufficient frictional force 
10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
overlappingrelalioaship with the lower end of an existing wellbore casing. In a 
15 particular^ preferred CTobodimcmt, the thin wall section 2265 of the casing 
2155 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 will 
compress the thin wall sections and annular compressible monbers of the upper 
20 end 2260 of the casing 2155 and the lower end of the eadsting wellbore casing 
into intimate contact During Uie positioning of the apparatus 2100 in the 
wellbore, the casing 2155 is supported by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fluidic material may comprise 
25 any number of conventional commercial]^ available materials such as, for • 
example, drilling mud» water, epo^, or cement In a prrferred embodiment the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
example, cement or epo^ in ord^ to provide a hardenaUe outer anwtilaT bo4y 
around the expanded casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

opmiting pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gallona/minute. In a preferred embodiment the firist fluidic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallona/minute in order 
to optimally provide operational efiGdenqr. 

The Grst fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2175, 2180 and then outside of the 
apparatus 2100. The first fluidic material thai fills the annular region between 
the outside of the apparatus 2100 and the intericnr wallaT of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160. The plug 
2245 lodges in the throat passage 2240 and fluidicly isolates and blocks off the 
10 fluid passage 2175. In a preferred embodiment^ a couple of volumes of a non- 
hardraable fluidic material are fh&x pumped into the fluid passage 2160 in 
order'to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. 
15 The second fluidic material may comprise any number of conventional 
commercially available matmals such as, for example, drilling mud, water, 
drilling gases, or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for esumple, 
M^ter, drilling mud or lubricant in order to optimally provide pressurization of 
20 the pressure chaniber 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, bom about 0 to 4,500 
psi and 0 to 4,500 gallona/minute. In a prrfmed embodiment, the second 
fluidic material is punq)ed into the fluid passage 2160 at operating pressures 
25 and flow rates ranging firom about 0 to 3,500 pai and 0 to 1,200 gallons/minute 
in order to optimaUy provide operational effidmcy. 

The second fluidic material pumped into the fluid passage 2160 passes 
through the fluid passages 2165, 2170, and 2175 into the pressure chambers 
2195 of the slips 2125, and into the pressure chamber 2250. Continued 
30 pumping ofthe second fluidic material pressurizes th^ pressure chambers 2195 
and 2250* 
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The pressurizatioii of the pressure chambers 2195 causes the slip 
members 2205 tp expand in the radial direction and grip the interior surface of 
the casing 2155. The casing 2155 is then preferably maintained in a 
substantially stationary position. 
5 The pressuzization of the pressure diamber 2250 causes the upper 

sealing bead 2130. outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial direction relative to the casing 2155. In this manner, the 
expansion cone 2150 wiU cause the casing 2155 to expand in the radial 
direction. 

10 I^«™«tken»*ale»panfflon process, the casing 2155 is prevented from 

moving in an upward direction by the slips 2125. A length of the casing 2155 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2250. The length of the casing 2155 that is expanded during the 
«panaion process wiU be proportional to the stroke length of the upper sealing 
15 head 2130, outer sealing mandrel 2140, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second 
fluidic material is reduced and the upper sealing head 2130. outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest positions with the 
casing 2155 supported by the expansion cone 2150. The position of the drillpipe 
20 2105 is preferably a4justed throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2155. 
In a preferred embodiment, the stroking of the expansion cone 2150 is then 
repeated, aa necessary, until the thin walled section 2265 of the upper end 2260 
25 of the casing 2155 ts expanded into the thin walled section of the lower end of 

the existing wellbore casing. In this maimer, a welBwre casing is fom 
including two ai^aeent sectiona of casing having a substantially conatant inside 
diameter. This process may then be repeated for the entirely of the weUbore to 
provide a wellbore casing thousands of feet in length having a substantially 
30 constant inside diameter. 

In a preferred onbodiment, during the final strolra of the expansion cone 
2150, the slips 2125 are positioned as close as possible to the thin walled section 

-127- 

SUBSHTUTE sheet (rule 26) 



wo 00/77431 



PCT/ILOO/00245 



2265 of the upper end of the casing 2155 in order minimize slippage between 
the casing 2155 and the existing wellbore casing at the end of the radial 
expansion process. Alternatively, or in addition, the outside diameter of the 
annular sealing member 2270 is selected to ensure suiCdent interference fit 
5 with the inside diameter of the lower end of the existing casing to prevent axial 
displacement of the casing 2155 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2285 ia selected 
to provide an int^erence fit with the inside walla of the weUfaore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 
10 of the casing 2155. In this final alternative, the interference fit is preferably 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

Dining the radial expansfon process, the preBsurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressure chambers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid pressure acts durectly on the casing 2155. Thia permits the use of 
operating prefisures higher than the casing 2155 could narmally withstand.- 

Once the caaing 2155 baa been comidete^y expanded off of the csxpansion 
20 cone 2150, remaining portions of the iq)paratu8 2100 are removed from the 
wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sectiona and compressible Anmiinw members of the lower 
end of the exiating casing and the uppv end 2260 of the caaing 2155 ranges 
from about 500 to 40,000 p^ in order to optimaUy support the casing 2155 
25 using the eodatangwdlbore casing. 

In this manner, the casing 2155 is radially expanded into contact with an 
existing section of casing by pressurizing the intoior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

In a preferred embodiment, as required, the •nnnlar bo^y of hardwable 
30 fluidic material is then allowed to cure to form a rigid outer annular body about 
the depended casiiig 2155. In the case vrhere the caaing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resulting new section of wellbore casing includes the expanded 
casing 2155 and the rigid outer annular body. The ov^apping joint between 
the pre-existing wdlbore casing and the expanded casing 2155 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
5 inner diameter of the resulting combined wellbore casings ia substantially 
constant In this nrnnnor, a mono^liameter weUbore casing is formed. This 
process of expandin g overlapping tubular members having tb«n wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
10 can be provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2150 nears the upper 
end of the casing 2155, the operating Qow rate of the second Ouidic material is 
reduced in order to minimize shock to the apparatus 2100. In an alternative 
embodiment, the apparatus 2100 includes a shock absorber for absorbing the 
15 shock created by the completion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2130 
neara the end of the casing 2155 in order to optimalfy provide reduced axial 
movement and velocity of the expansion cone 2130. In a preferred embodiment. 
20 the operating pressure ofthe second fluidic niaterialisi^uced during the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2100 ranges from about 10 to 45 feet in ordor to optinoally provide equipment 
25 lengths that can be handled by conventional oil well rigging equifHsrat while 
also minimizing the frequncy at which the eaqmnsion cone 21S0 must be 
stopped so that the apparatus 2100 can be re-stroked. 

In an alternative raibodiment, at least a portion of the upper sealing 
head 2130 includes an expansion cone for radially expanding the casing 2155 
30 during operation of the apparatus 2100 in order to increase the surface area of 
the casing 2155 acted Upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 
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Alternatively, the ^jparatuB 2100 may be used to join a first section of 
pipeline to an existing, section of pipeline. Alternatively, the apparatus 2100 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
5 apparatus 2100 may be used to expand a tubular support member in a hole. 
Referring now to Figures 17, 17a and 17b, another embodimrat of an 
apparatus 2300 for expanding a tubular meoiber will be'described. The 
apparatus 2300 preferably included a driUpipe 2305, an mneratring adapter 
2310, a sealing sleeve 2315, a hydrauUc slip body 2320, hydraulic slips 2325, an 
10 inner sealing mandrd 2330, an upper sealing head 2335, a lower sealin 

2340, a load mandrd 2345, an out^ sealing mandnl 2350, an expansion oone 
2355, a mechanical slip bo4y 2360, mechanical slips 2366, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395, 2400, 2405, 2410, 2415, and 
2485, and mandrel launcher 2480. 
15 The driUpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the apparatus 2300, the driUpipe 2305 supports the apparatus 
2300. The driUpipe 2305 preferably conqirisea a substantiaUyhoUow tubular 
member or members. The driUpipe 2305 msry be fabricated from any number of 
conventional oonmiercialty available mati^riait such as, for example, oilfield 
20 country tubular goods, low aUqr steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the driUpipe 2305 
is fabricated from coiled tubing in order to fflnMfl»^ the placement of the 
apparatua2S00innQn-vertiGalweUbores. The driUpipe 2305 may be coupled to 
the innerstring adapter 2310 using any number of conventional conunerciaUy 
25 availahlfi mechanical couplinge such as, for example, driUpipe connection, 
oilfield ooontry tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the driUpipe 2305 is 
removably coupled to the innerstring wH^p ^ 2310 by a driUpipe connection. 
The driU(Hpe 2305 preferably includes a fluid passage 2380 that is 
30 adapted to convey fluidic materials from a surface location into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials such as, for example, cement, water, epoxy, drilling 
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muds, or lubricanis at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 5,000 gaUoiia/ipinute in order to optimally provide 
operational efiBdency. 

The innerstring adapter 2310 is coupled to the drill string 2305 and the 
5 sealing sleeve 2316. The innerstring adapter 2310 preferably comprises a 
substantiaUy hollow tubular member or m«abers. The inneistring adapter 
2310 may be fabricated from any number of conventional commercially 
available mate ri alB such as; for example, oilCeld countzy tubular goods, low 
aUoy steel, carbon steel, stainless steel or other similar high strength materials. 
10 In a preferred embodiment, the innerstring adapts- 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 
using any number of conventional commercially available mechanical couplings 
15 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2310 is removabfy coupled to 
the drill pipe 2305 by a drillpipe connection. The innerstring adapter 2310 may 
be coupled to the sealing sleeve 2315 using Buy number of conv^tional 
20 commercially available mechanical couplings such as, for example, a drillpipe 
connection, oilfield coimtry tubular goods specialty threaded connection, or a 
standard threaded connection. In a preferred embodiment, the inneratring 
adapter 2310 is removably coupled to the sealing aleeve 2315 by a standard 
threaded connection. 
25 The innerstring adapter 23 10 preferably includes a fluid passage 2385 

that is adapted to convey fluidic *M»«i«t« from the fhiid passage 2380 into the 
fluid passage 2390. In a preferred embodimmt» the fluid passage 2385 is 
adapted to convey fluidic materials such as, for example, cemrait, epo^f, water, 
drilling mud, drilling gases or lubricants at operating pressures and flow rates 
30 ranging from alK>utO to 9,000 pd and 0 to 3,000 gaUoiifii/kninute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraitlic slip body 2320. The sealing sleeve 2315 prrferably comprises a 
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substantially hollow tubular member or members. The sealing sleeve 2315 may 
be fabricated firom any number of conventional conunercially available 
materials such as, for example, oilfield country tubular goods, lovr alloy steel, 
carbon sted, stainless steel or other similar high strength materials. In a 
5 preferred embodiment, the sealing sleeve 2315 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low- 
friction surfaces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 
using any number of conventional commercially available mechanical couplings 
10 such as, for example, drillpipe connections, oilfield oounixy tubular goods 
specialty threaded oonnecrtions, or a standard threaded connection. In a 
preferred embcxliment, the sealing sleeve 2315 is removably coupled to the 
innerstring sdaptBr 2310 by a standard threaded connection! The sealing sleeve 
2315 may be coupled to the hj^draulic slip boc^y 2320 using any number of 
15 conventional oonunercially available mechanical ooupUngs such as, for example, 
drillpipe connection, oilfield coxmtiy tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, tbe 
sealing sleeve 2315 is removably coupled to the hydraulic slip bo^y 2320 by a 
standard threaded connection. 

20 The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 

adapted to convey fluidic materials fixim the fluid passage 2385 into the fluid 
passage 2395. In a preferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic matmrifl such as, for exanqde, oementi epoy, water, drilling 
mud or lubricants at operating pressurea and flow rates ranging from about 0 to 

25 9,000 psi and 0 to 8,000 gallons/minute. 

The hydraulic slip bo4y 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrd 2330. The hydraulic slip 
body 2320 preferably comprises a substantially hollow tubular member or 
members. The hydrauUc slip bo<^ 2320 nu^y be fabricated from az^r number of 

30 conventional conunercia^y available materials such as, for example, oilfield 
country tubular goodsl low alloy steel, carbon steel, stainless steel or other high 
strength material. In a preferred embodiment, the hydraulic slip bod|y 2320 is 
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fabricated from carbon steel in order to optimaUy provide hi^ str^gth at low 
cost 

The bydraulic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercialt7 available mechanical couplings 
5 such as, for example, driUpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the hydraulic slip bo^jr 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydraulic slip body 
2320 may be coupled to the slips 2325 using any number of conventional 
10 comm^aUy available mechanical oouidinga such as, for example, driUpipe 
connection, oilfield country tubular goods spedaity threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the slips 
232S by a standard threaded connection. The hydraulic slip body 2320 may be 

15 coiq>led to the inn^ sealing mandrel 2330 using any number of conventional 
commercially available mechanical couplings such as, for example, driUpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the inner 

20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 
that is adapted to convey fluidic materials from the fluid passage 2390 into the 
fluid passage 2405. In a prtferred embodiment, the fliiid passage 2396 is 
adapted to convey fluidic materials such as, for example, cement, epoi^, water, 

25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pei andO to 3,000 gaUonsAninute. 

The hydrauUc slips bo4y 2320 preferabi^y includes fluid passage 2400 that 
are adapted to convey fluidic materials fitmi the fluid passage 2395 into the 
pressure chambera 2420 of the hydraulic slips 2325. In this manner, the slips 

30 2326 are activated upon the pressurization of the fluid passage 2395 into 
contact vnth the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example, water, drilliBg mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9^000 psi and 0 to 3,000 gallona/bunute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
body 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the slips 2325 maintain the casing 
2375 in a substantially stationaxy position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, s{Hing bias 2425, and slip members 2430. The slips 2325 may 
10 comprise any number ofoonvmtionalconunerdally available hydraufic slips 
such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a p referred embodiment, the 
slips 2325 comprise RTTS packer tungsten carbide hydraulic slips available 
from HaUiburton Energy Services in order to optimally provide resistance to 
15 axial movement of the casing 2375 during the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 
2320 and the lower sealing head 2340, The inner sealing mandrel 2330 
preferably eomprisee a substantiaUy hollow tubular member or members. The 
inner sealing mandrel 2330 may be fabricated from any number of conventional 
20 commerdaUy available materials such ss, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2330 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction smf aces. 
25 The inner sealing mandrel 2330 may be coupled to the hydraulic slip 

body 2320 using any nim^ber of conventional commerdaUy available mechanical 
couplings sudi as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a prtferred embodimenti the inner sealing 
30 mandrel 2330 is removably coupled to the hydraulic slip bo^y 2320 by a 

standard threaded connection. The inner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings such as, for example, driUpipe connection, 
oilfield country tubular goods spedaltjr threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealmg mandrel 2330 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 
that is adapted to convey fluidic materials from the fluid passage 2395 into the 
fluid passage 2415. In a prefored embodiment, the fluid passage 2405 is 
adapted to convqr fluidic materials such as. for example, cement, epoxy. water, 
10 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaUona/kninute. 

The uppo- sealing head 2335 is coupled to the outer sealing mandrel 
2345 and expansion cone 2355. The upper sealing head 2335 is also movably 
coupled to the outer surface of the inner sealing mandrel 2330 and the inner 
15 surface of the casing 2375. In this manner, the upper sealing head 2335 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may range, for example, from about 0.0025 to 0.05 
inches. In a prefored embodiment, the radial clearance between Uie inner 
20 cylindrical surfkee of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the 
casing 2375 may range, for example, from about 0.025 to 0.375 inches. In a 
25 preferred embodiment, the radial clearance between the outer qyiindrical 
surface of the upper sealing head 2335 and the inner surface of the casing 2375 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2355 during the ezpaasioa process. 

The upper sealing head 2336 preferably comprises an annular member 
30 having substantially cylindrical inner and outer surfiM»a. The un>w sealing 
head 2335 may be fabricated from any numho- of conventional commercially 
available materials such as, for example, oilfield country tubular goods; low 
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alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodimraty^the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2335 
5 preferably includes one or more annnlfty sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing members 2435 may compnse any number of conventional 
commercially available annular sealing members sudi as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
10 sealing members 2435 oompriae polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment^ the npp^ sealing head 2335 includes a 
shoulder 2440 for sujqporting the upper sealing head on the lower sealing head 
1930. 

15 The upper sealing head 2335 may be coupled to the outer sealing 

mandrd 2350 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilGeld country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the upper sealing 

20 head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 includes one or more sealing members 2445 for fluididy sealing the 
interface brtwe» the upper sealing head 2335 and the outer sealing mandrel 

25 2350. Thesealingmeniber8 2445maycompriseanynuznber of conventional 
commercial^ available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 oompriae polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 
and the load mandrel '2345. The lower sealing head 2340 is also movably 
coupled to the inner surface of the outer sealing mandrel 2350. In this manner, 
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the upper sealing head 2335 and outer sealing mandrel 2350 reciprocate in the 
axial direction. . The radial cjearan^e between the outer surface of the lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred 
5 embodiment, the radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.005 to 0.010 indies in order to optimally provide Tninimiii radial 
clearanca 

The lower sealing head 2340 preferably oompnam an annular member 
10 having substantial^ cylindrical inner and outer surfaces. The lower sealing 
head 2340 may be fabricated firom any number of conventional commercially 
available materials such as, for example, oilfield tubular members, low alloy 
steel, carbon steel, stainless steel or other similar hii^ strength materials. In a 
preferred embodiment, the lower sealing head 2340 is fabricated from stainless 
15 steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. The outer surface of the lower sealing head 2340 preferably 
includes one or more annular sealing members 2450 for sealing the interface 
between the lower sealing head 2340 and the outer sealing mandrel 2350. The 
sealing members 2450 may comprise any number of conventional commercially 
20 available annular sealing members such as, for example, o-rings, pofypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2450 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke* 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 
25 2330 using any number of conventional commercially available mechanical 
couplings such as, for examine, driUpipe connection, oilfield country tubular 
specialty Uireaded oonnection» weldings amorphous bonding, or standard 
threaded connection. In a preferred embodiment^ the lower sealing head 2340 
is ranovably coupled to the inner sealing niandrel 2330 by a standard threaded 
30 connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 23^0 and the inner sealing mandrel 2330 includes one or 
more sealing members 2455 for fluididy sealing the interface between the lower 
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sealing head 2340 and the inner sealing mandrel 2330. The sealing members 
2455 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak or metal spring energized seals. 
In a preferred enibodunent> the sealing members 2455 comprise polypak seals 
5 available from Parker Seals in order to optimaUy provide sealing for a long aTjnl 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrd 2345 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield oountxy tubular goods 

10 specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodimenti the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the load mandrel 2345 indudee one or more 

15 sealing members 2460 for fluidity sealing the interface between the lower 
sealing head 2340 and the load mandrel 2345. The sealing members 2460 mi^ 
comprise any number of conventional commerdaUy available sealing mraibers 
such as, for eoumqile, o-ringB, polypak seals or metal spring energi^ In a 

preferred embodiment^ the sealing members 2460 comprise pol|]rpak seals 
20 available from Parker Seals in order to optimally provuie sealing for a long azial 
stroke length. 

I n a prrfetred embodiment^ the lower sealing head 2340 includes a throat 
passage 2465 Ehudidy coupled between the fluid passagea 2406 and 2415. The 
throat passage 2465 is preferabfy of reduced size and is adapted to receive and 

25 engage with a plug 2470, or other similar device. In this manner, the fluid 
passage 2405 is fluidicly isolated from the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 
2335 and the ejqmnaion cone 2355. The outCT sealing mandrel 2350 is also 

30 movably coupled to the inner surface of the casing 2375 and the outer surfiace of 
the lower sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing mandrel 2350, and the expansion cone 2355 reciprocate in the 
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axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2350 and the inner surface of the casing 2375 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optamaQy provide stabilization for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lowv sealing 
head 2340 may range, for example, from about 0,0025 to 0,376 inches. In a 
10 preferred embodimoit, the radial clearance betwera the inner surface of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide minimal 
clearance* 

The outer sealing mandrel 2350 preferably comprises an annular 
15 niember having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 2350 may be fabricated from any nimiber of conventional 
commercially available materials such as, for example, low alloy steel, carbon 
steel, stainless steel or other similar hi^ strength materials. In a preferred 
embodiment, the outer sealing mandrel 2350 is fabricated fiT>m stainless steel 
20 in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the uppo* sealing 
head 2335 using any number of conventional conmierdaUy available mechanical 
couplings such as, for example, driUpipe connections, oilfield countiy tubular 

25 goods specialty threaded connections, wdding, amorphous bonding, or 

standard threaded connec t ion. In a preferred embodimmt, the outer sealing 
mandrel 2350 is removably coupled to the upper sealing head 2S35 by a 
standard threaded connection. The outer sealing mandrel 2350 may be coupled 
to the expansion .cone 2355 using any numb» of conventional ammierdally 

30 available mechanical couplings such as, for example, driUpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodiment, the outer sealing mandrel 2350 is removably coupled to the 
expansion cone .2355 hy a standard threaded connection. 

The upper sealing head 2335, the lower sealing head 2340, the inno* 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475, The pressure chamber 2475 is fluididy coupled to the 
passage 2405 via one or more passages 2410. During opOTation of the apparatus 
2300, the plug 2470 engages with the throat passage 2465 to fluidiGly isolate the 
fluid passage 2415 from the fluid passage 2405. The pressure chamber 2475 is 
then pressurized which in turn causes the upper sealing head 2335, outer 
10 sealing mandrel 2350, and expansion cone 2355 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2355 in turn expands the 
casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 pfteferably comprises an 
15 annular member having substantiaUy cylindrical inna and outer surfaces The 
load mandrel 2345 may be fabricated from any number of conventional 
commercial^ available materials such aa, for example, oilfield country tubular 
goods, low alloy sted, carbon steel, stainless steel or other similar high strength 
materials. In a preferred enibodiment, the load mandrd 2345 is fabricated from 
20 stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaoea. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 
using any number of convrational oommerciaQy available mechanical ooiq>lingB 
such asy for example, drillpipe oonnection, oilfield country tubular goods 
25 specialty threaded connection, welding, amorphous bonding or a standard 
threaded oonnection. In a preferred embodiment, the load coandrel 2345 is 
removably coupled to the lowor sealing head 2340 fay a standard threaded 
connection. The load mandrel 2345 may be coupled to the mechanical slip body 
2360 using any number of conventional commercially available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty thrjeacfed connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the load mandrel 
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2345 is removably coupled to the mechanical slip body 2360 by a standard 
threaded coxmection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fluidic materials from the fluid passage 2405 to-the region 
5 outsideof the apparatus 2300. In a preferred embodim»t, the fluid passage 
2415 is adapted to convey fluidic materials such as, for example, cement, epo^^, 
water, drilling mud or lubricants at operating pressures* and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. 
10 The eipansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2355 causes the casing 2375 to expand 
in the radial direction. 
15 The expansion cone 2355 preferably comprises an annular member 

having substantially cylindrical inner and omical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges frt)m about 3 to 28 inches in order to optimaUy provide radial 
20 expansion of the typical casings. The axial length of the expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone 2355. In a preferred embodiment, the axial length of the 
expansion cone 2355 ranges ftt>m about 3 to 5 tames the largest outside 
diameter of the expansion cone 2355 in order to optimally provide stability and 
25 centralization of the expansion cone 2355 during the expansion process. In a 
preferred embodiment, the angle of attack of the expansion cone 2355 ranges 
from about 5 to 30 degrees in order to optimally frictional forces with radial 
expansion forces. The optimum an|^e of attack of the expansion cone 2365 will 
vaxy as a function of the operating parameters of the particular expansion 
30 operation. 

The expansion bone 2355 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

• 141 - 

SUBSTITUTE SHEET (RULE 26) 



wooarn43i 



PCT/ILOO/00245 



tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strength materials. In a prefejrred embodiment; the expansion cone 2355 
is fabricated firom D2 machine tool steel in order to optimally provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, the outside surface of the expansion cone 2S55 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength, abrasion resistance, resistance to galling: 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any number of conventional commercially available mechanical 
10 couplings such as, for example, drillpipe connection, oilGeld countiy tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 using a standard threaded 
connection in order to optimally provide high strength and permit the 
15 expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2480 is about 50 to 100 % of the wall 
20 thickness of the casing 2375. In this manner, the initiation of the radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and wellbore is facilitated. 

The mandrel laimdier 2480 may be coiqded to the casing 2375 using any 
number of conventional mechanical couplings. The mandrd launcher 2480 may 
25 haveawallthickneasranging, for example, firom about 0.15 to 1.5 indies. Ina 
preferred embodiment, the wall thickneaa of the mandrel iaundier 2480 ranges 
firom about 0.25 to 0.75 inches in order to optimal^ provide hi^ strength in a 
minimal profile. The mandrd launcher 2480 may be fSabricated from any 
number of convwtional oommerdaUy available matmals such as, for example, 
30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar hi^ strength materials. In a preferred embodiment, the mandrel 
laimcher 2480 is fabricated from oilfield tubular goods having a bigh» strength 
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than that of the casing 2375 but with a smaller wall thickness than the casing 
2375 in order tQ optimally provide a thin walled container having s^proximately 
the same burst strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
5 mechanicalslips 2365, and the drag blocks 2370. The mechanical aUp body 
2460 preferab^ comprises a tubular member having an inner passage 2485 
fluididy coupled to the passage 2415. In this manner, fluidic materials may be 
conveyed from the passage 9484 to a region outside of the apparatus 2300. 

The mechanical slip bodly 2360 may be coupled to the load mandrel 2345 
10 using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in ord« to 
optimally provide a high strength attachment The mechanical shp body 2360 
may be coupled to the medianical slips 2365 using any number of conventional 
15 mechanical couplings. In a preferred embodiment, the medianical slip body 
2360 is removably coupled to the medianical slips 2365 using threads and 
sliding steel retaining rings in order to optimally provide a hi^ strength 
attachment The mechanical slip body 2360 may be coupled to the drag blocks 
2370 using any number of conventional medianical couplings. In a preferred 
20 embodiment the mechanical slip body 2360 is removably coupled to the drag 
blocks 2365 using threads and sliding steel retaining rings in order to optimally 
provide a high strength attachment 

The mechanical slips 2365 are coupled to the outside surface of the 
mechanical slip body 2360. During operation of the apparatus 2300, the 
25 mechanical slips 2365 prevent upward movmient of the casing 2375 and 
mandrel launcher 2480. In this manner, during the axial redprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
main t ain ed in a substantially stationary position. In this manna-, the mandrd 
launcher 2480 and casing 2375 are expanded in the radial direction fay the axial 
30 movement oftheexpanaion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
conunerdally available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable, bridge plug timgsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 comprise RTTS packer 
tungsten carbide mechanical slips available from Hallibinton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
during the expansion proceaa. 

The drag blocks 2370 are ooupled to the outside surface of the 
mechanical slip body 2360. During operation of the apparatus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrd 
10 launcher 2480. In this manner, during the aadal reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel laundier 2480 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2480 
and casing 2375 ore expanded in the radial direction fay the axial movement of 
the expansion cone 2355. 
15 The drag blocks 2370 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment^ the drag blocks 2370 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 
20 provide resutance to axial movement of the casing 2375 during the expansion 
process. 

The casing 2375 is coupled to the mandrd launcher 2480. The casing 
2375 is further removably coupled to the mechanical alipa 2365 and drag blocks 
2370. The casing 2375 preferably comprises a tubular member. The casing 

25 2375 may be fabricated from any number of conventional commercially 
available materiala such as, for example, slotted tubulars, oil counlzy tubidar 
goods, carbon steel, low alloy steel, stainless stedi or other similar hi^ strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield countiy tubular goods available from various foreign and domestic steel 

30 mills in ordtf to optimally provide high strength. In a preferred embodiment, 
the upper end of the caaing 2375 iacludes one or morB sealing members 
positioned about the exterior of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge {Pressures within the 
borehole during placement of the apparatus 2300, the fluid passage 2380 is 
5 preferabfy provided with one or more pressure relief passages. During the 
placement of the apparatus 2300 in the wellbore, the casing 2375 is supported 
by (he expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an 
overlapping relationship with an existing section of wdlbore casing, a first 
10 fluidic material is pumped into the fluid passage 2380 from a siuface location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2385, 2390, 2395, 2405, 2415, and 2485. The first fluidic material will 
then exit the q)paratu8 2300 and fill the annular region between the outside of 
the apparatus 2300 and the intmor walls of the bore hole. 
15 The first fluidic material may comprise any number of conventional 

conunerdally available materials such as, for example, epoxy, drilling mud, slag 
mix, cement, or watar. (n a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epoxy, or cemenL In this manner, a wellbore casing having an outer annular 
20 layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi, and 0 to 3,000 gallona/minute. In a pref^red embodiment, the first fluidic 
material is pumped into the apparatus 2300 at operating pressures and flow 
25 rates ranging frt)m about 0 to 3,500 pei and 0 to 1,200 gaUona/minute in order 
to optimally provide operational tfSciengr, 

At a predetermined point in the iiyection of the first fluidic material such 
as, for exanqde, after the annular region outside of the qiparatua 2300 has been 
fiUed to a predetermined level, a plug 2470, dart, or other similar device is 
30 introduced into the first fluidic material The plug 2470 lodges in the throat 
passage 2465 thereby fluididy isolating the fluid passage 2405 from the fluid 
passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
fluidic material is pmnped into the fluid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic material may comprise any number 
of conventional conunerdally available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidic matmal such as, for 
example, water, drilling mud or lubricant 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging; for example, firom about 0 to 4,500 
10 psi and 0 to 4,500 gaUona/minute. In a preferred embodiment^ the second 
fluidic material is pumped into the ^paratus 2300 at operating pressures and 
flow rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimaUy provide operational eflSdency. 

The pressurization of the pressure chamber 2475 causes the upper 
15 sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of the pressure chamber 2475 
also causes the l^draulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantiaUy stationary position. Furthmnore, as the 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 
20 the mandrel launcher 2480 and drag blocks 2370 along, which seta the 
mechanical slips 2365 and stops further axial movement of the mandrel 
launcher 2480 and casing 2375. In this manner, the axial movement of the 
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

25 Once the uppv sealing head 2335, outer sealing mandrel 2350, and 

expansion cone 2355 con4)lete an axial stroke, the operating pressure of the 
second fluidic material is reduced. The reduction in the operating pressiue of 
the second fluidic material releases the hydraulic slips 2325. The drill string 
2305 is then raised This causes the inner sealing mandrel 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip bo<|y 2360 to move upward. 
This unsets the mechanical slips 2365 and permits the mechanical slips 2365 
and drag blocks 2370 to be moved within the mandrel launcher 2480 and casing 
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2375. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic n^iaterial is again pressurized and ihe radial expansion process 
continues. In this manner, tlie mandrel launcher 2480 and casing 2375 are 
radial expanded throu^ repeated axial strokes of the upper sealiiig head 2335» 
5 outer sealing mandrel 2350 and expansion cone 2355. Throughput the radial 
expansion process, the upper end of the casing 2375 is preferably maintained in 
an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2375 is expanded into intimate contact with the inside surface of the lower end 
10 of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between the outside surface of the upper end of the casing 2375 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 
embodiment} the contact pressure between the casing 2375 and the existing 
15 section of wellbore casing ranges from about 400 to 10,000 pel in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper 
end of the casing 2375» the operating pressure of the second fluidic material is 
20 reduced in ordCT to minimize shock to the apparatus 2800. In an alternative 
embodiment, the iqiparatua 2300 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 
25 nears the end of the casing 2375 in order to optimalbr provide reduced axial 
movement and velocity of the expansion cone 2355. In a prtferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the i^^paratua 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2355 during the 
30 return stroke. Inapreferredembodiment, the stroke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be bandied by typical oil well rigging equipment and minimize the 
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frequency at which the expansion cone 2365 must be stopped to permit the 
apparatus 2300. to be. re-stroked. 

In an alternative embodiment, at least a portioii of the upper sealing 
bead 2335 includes an expansion cone for radially expanding the mandrel 
5 laxmcher 2460 and casing 2375 during operation of the apparatus 2300 in order 
to increase the surface area of the casing 2375 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips 2365 are positioned in an 
axial location between the sealing sleeve 2315 and the inner sealing mandrel 
10 2330 in order to optimally the construction and operation of the apparatus 
2300. 

Upon the complete radial eiqpansion of the casing 2375, if apphcable. th^ 
first fliaidic material is perxnitted to cure within the annular region between the 
outside of the eaqmnded casing 2375 and the interior walls of the wellbore. In 
15 the case wdiere the casing 2375 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2375. In this manner, a new 
section of wellbore casing ia formed within a wellbore. Alternatively, the 
apparatus 2300 may be used to join a first section of pipeline to an existing 
section of ptpdine. Alternatively, the apparatus 2300 m^y be used to direcUy 

20 line the interior of a wellbore with a casing, without the use of an outer anntdar 
layer of a hardenable materiaL Altemativebr, the i^iparatus 2300 may be used 
to expand a tubular support nmnber in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chamber 2475. No Quid pressure acts directiy 
on the mandrd laundier 2480 and casing 2375. This pennits the use of 
operating in^ssures higher than the mandrel laund&ar 2480 and casing 2375 
could normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forniing a monoKliameter wellbore casing will be described. The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstring adapter 
2510. a sealing sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an 
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inner sealing niandrel 2530, upper sealing head 2535, low^ sealing head 2540, 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560. and fluid passages 2565, 2570, 2575. 2580, 2585, 2590, 2595, and 2600. 
The driUpqie 2505 is coupled to the inneistring adapter 2510. During 
5 operation of the apparatus 2500, the driUpipe 2505 supports the apparatus 
2500. The driUpipe 2505 preferably comprises a substantiaUy hollow tubular 
member or members. The drillpipe 2505 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 
10 similar high strength m at^ j nls. In a preferred embodiment, the driUpipe 2505 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-vertical weUbores. The driUpipe 2505 may be coupled to 
the innerstring adapter 2510 using any number of conventional commerdaUy 
available mechanical couplings such as, for example, driUpipe connection, 
15 oilfield countiy tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodimmt, the driUpipe 2505 is 
removably coupled to the innerstring adapter 2510 by a driUpipe connection, a 
driUpipe connection provides the advantages of high strength and easy 
disassembly. 

20 The driUpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to convey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred embodiment, the fluid passage 2565 is adapted to 
convey fluidic materials such aa, for example^ cementi epoxy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 
25 to 9,000 psi and 0 to 3,000 gaUonaAminate. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The inneralring afin pfar 2510 preferably conqprises a 
substantiaUy hoUow tubular member or members. The innerstring ads^ter 
2510 may be fabricated fit>m any number of conventional onnmerdaUy 
30 available materials such as, for example, oilfield country tubular goods, low 
aUoy steelf carbon stedl, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adapts 2510 is fabricated from 
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stainless steel m order to optimally provide high strength, corrosion resistance, 
and low frictioq surfaces. 

The innerstring adapter 2510 may be coupled to the drill string 2505 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oiUGeld country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred ^nbodiment, the innerstring adapter 2510 ia removably coupled to 
the drill pipe 2505 by a drillpipe connection. The inneratring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of conventional 

10 commercially available mechanical coupUngs such aa, for example, drillpipe 
connection, oilfield countiy tubular goods specially type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment^ the inneratxing adapter 2510 is removably coupled to 
the sealing sleeve 2515 by a standard threaded connection. 

15 The innerstring adapter 2510 preferabJIy includes a fluid passage 2570 

that is adapted to convey fluidic materials from the fluid passage 2565 into the 
fluid passage 2575. In a preferred embodiment, the fluid passage 2570 is 
adapted to convey fluidic materiala such aa, for example, cement^ epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 

The sealing deeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic slip bo4y 2520. The sealing sleeve 2515 preferably comprises a 
su b stantial ly hollow tubular member or monbera. The sealing sleeve 2515 may 
be fabricated from any number of conventional oommerdaUy available 
25 materiala such as* for exanqde, oilfield ootmtxy tubular goods, low allqy steel, 
carbon steel, stainleaa steel or other similar high strength materials. In a 
preferred embodiment, the sealing sleeve 2516 ia fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low* 
friction surfaces. 

30 The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number .of conventional commercially available mechanical couplings 
such as, for example, drillpipe connections, oilfield country tubular goods 
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specialty type threaded connection, ratdjetrlatch type threaded connection, or a 
standard tlureaded connection, In a preferred embodiment* the sealing sleeve 
2515 is removably coufded to the innerstring adapter 2510 by a standard 
threaded connection. The sealing sleeve 2515 may be coupled to the hydraulic 
6 slip body 2620 using any number of conventional eommeretally available 
mechanical couplinp such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch typ^ threaded 
connection, or a standard threaded connection. Ia a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic slip body 2520 hy a 
10 standard threaded connection. 

The sealing sleeve 2515 prefoably includes a fluid passage 2575 that is 
adapted to convey fluidic matm a l s from the fluid passage 2570 into the fluid 
passage2580. In a preferred embodiment, the fluid passage 2575 is adapted to 
convqr fluidic materials such as, for eiample, cement, epoxy, water, drilling 
15 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUana/kninuta 

Hie hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydrauUc sUps 2525, and the inner sealing mandrel 2680. The hydraulic slip 
body 2520 preferably comprises a substantiaUy hoUow tubular member or 
20 members. The hydrauKc aUp body 2520 may be fabricated from any number of 
conventional commercially available matmals such as, for example, oilBeld 
country tubular goods, low alloy steel, carbon ste^ stainless steel or other 
similar high strength materials. In a preferred embodiment, the hydraulic slip 
body 2520 is fabricated from carbon steel in order to. optimally provide high 
25 strength. 

The hydraulic aUp bo^y 2520 may be coupled to the sealing aleeve 2516 
using any number of convoitional commerdallty available mechanical couplings 
such as, for example, drillptpe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydrauUc sUp 
bo4y 2520 is removably coupled to Uie sealing sleeve 2515 by a standard 
threaded connection. The liydraulic slip body 2520 may be coupled to die slips 
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2525 using any number of conventional commerdally available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hjrdraulic slip body 2520 may be coupled to 
5 the inner sealing mandrel 2530 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 
oiliGeld countxy tubular goods specialty type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the inner 
10 sealing mandrd 2530 by a standard threaded connection. 

The hydraulic slips bo^y 2520 preferably includes a fluid passage 2580 
that is adapted to convey fluidic mfltArtala from the flmd passage 2575 into the 
fltiid passage 2590, In a preferred embodiment, the fluid passage 2580 is 
adapted to convey fliudic materials such as, for example, csnent, epo^qr, water, 
15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pai and 0 to 3,000 gallons/minute. 

The I^ydraulic slips body 2520 preferab^ indudea fluid passages 2585 
that are adapted to convey fluidic materiala from the fluid passage 2580 into the 
pressure chambers of the hydraulic alq» 2525. In this manner, the slips 2525 
20 are activated upon the pressurization of the fluid passage 2580 into contact 
with the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 aro ad^>ted to convqr fluidic materiala such as, for example, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 gallonaAninute. 
25 The slips 2525 are coupled to the outside surface of the Iqrdraulic slip 

bo4y 2520. During opvation of the apparatus 2500, the alipe 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
surface of the casing 2560. In this manner, the slips 2525 «n<itw^-i»iw the casing 
2560 in a substantially stationary position. 
30 The slips 2525 preferably include the fluid passages 2585, the pressure 

chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commerdally avaUable hydraidic slips 
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sudi as, for example, RTTS packer tungsten carbide lyrdraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraufic slips available 
firom Halliburton Energy Services in order to optimally provide resistance to 
5 axial movement of the casing 2560 during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferably comprises a substantially hoUow tubular member or members. The 
inner sealing mandrd 2530- may be fabricated firom any number of conventional 
10 commercially available materials such as, for exanq>le, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or othor similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated firom stainless st^ in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 
15 The inner sealing mandrel 2530 m^y be coupled to the hydraulic slip 

body 2520 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods spedally type threaded connection, welding, amorphous bonding, or a 
standard threaded coimection. In a preferred embodiment, the inner sealing 
20 mandrel 2530 is removably coupled to the hydraulic'sUp body 2520 by a 

standard threaded coxmection. The inner sealing mandrel 2530 may be coupled 
to the lower sealing head 2540 using any number of conventional commercially 
available mechanical couplings such as, for erample, oilfield country tubular 
goods specialty type threaded connection, drillpipe connection, welding, 
25 amorjAous bonding, or a standard threaded connection. Inaprefemd 

embodiment, the inn v sealing mandrel 2530 is removably coupled to the lower 
sealing head 2540 by a standard threaded connection. 

The inner sealing nmndrel 2530 preferab^ includes a fluid passage 2590 
that is adapted to convey fluidic materials from the fluid passage 2580 into the 
30 fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is 
adapted to convey flufdic materials such as, for example, cement, epo^, water, 
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d rilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaOona/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 
2545 and expansion cone 2555. The upper sealing head 2535 is also movably 
5 coupled to the outer surface of the inner sealing mandiel 2530 and the inner 
surface of the casing 2560. In this manner, the upper sealing head 2535 
reciprocates in the axial direction. The radial dearance* between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 may range^ for example, from about 0.0025 to 0.05 
10 inches. In a preferred embodimenti the radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance betwem the 
outer cylindrical surface of the upper sealing head 2535 and the inner surface of 
15 the casing 2560 may range, for example, fit)m about 0.025 to 0.375 inches. In a 
preferred embodiment^ the radial dearance between the outer cylindrical 
surface of the upper sealing head 2535 and the inner surface of the casing 2560 
ranges from about 0.025 to 0.125 indies in order to optimally provide 
stabilization for the expansion cone 2535 during the expansion process. 
20 The upper seahng head 2535 preferably compriflies an annular member 

having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2535 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, ow alloy 
steel, carbon steel, stainlesa steel or other similar hi^ strength materials. In a 
25 preferred embodiment, the upper sealing head 2535 is fabricated fr^m stainless 
steel in order to optimally jHxrvide high strength, corrosion resistance, and low 
friction surfaces. The inner auxtace of the upper sealing head 2535 preferably 
indudes one or more annular sealing mCTobers 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 
30 sealing memb^;^ 2620 may comprise any number of conventional commerdaily 
available annular sealing membera such as, for example, o*ringB, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available firom Parker Seals in order to 
optimally provide sealing for a long, axial stroke* 

In a preferred embodimmt, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on Uie lower sealing head 2540. 
The upper sealing head 2535 way be coupled to the outer sealing 
mandrel 2545 using any number of conventional commercial^ available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, pipeline connection, weldings amorphous 
10 bonding, or a standard threaded connection. In a preferred embodiment^ the 
upper sealing head 2535 ia removably coupled to the outer sealing mandrel 2545 
by a standard threaded connection. In a preferred embodimjent, the . 
mechanical coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluididy sealing 
15 the interface between the upper sealing head 2535 and the outer sealing 
mandrel 2545« The sealing members 2630 may comprise any number of 
conventional commercially available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
anbodiment, the sealing members 2630 comprise polypak seals available firom 
20 Parker Seals in order to optimally provide sealing for si long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrd 2550. The lower sealing head 2540 is also movably 
coupled to the inner surface of the outer sealing mandrel 2545. In this manner, 
the upper sealing head 2535, outer sealing mandrel 2545, and expansion cone 
25 2555 redprocate in the axial direction. 

The radial dearanoe between the outer surface of the lower sealing head 
2540 and the innersurfaoeof the outer sealing mandrel 2545 may range, for 
example, firom about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial dearanoe betwera the outer surface of the lower sealing head 2540 and 
30 the inner surfiBce of the outer sealing mandrel 2545 ranges fttimalMutO. 
0.01 inches in order to optimally provide mintmAi radial dearance. 



- 155- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2540 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
5 alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the lower sealing bead 2540 is fabricated from 
stainless steel in order to optiinaUy iHt>vide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the lower sealing head 2540 
preferably includes one or more annular sealing members 2635 for sealing the 
10 interface between the lower sealing head 2540 and the outer sealing mandrel 
2545. The sealing members 2635 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o*rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 comprise polypak seals available from Parker Seals in 
15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional conmiercially available mechanical 
couplings sudi as, for example, drillpipo connections, oilfield countiy tubular 
goods specialty threaded connection, or a standard threaded connection. In a 
20 preferred embodiment, tiie lower sealing head 2540 is removably coupled to the 
inner sealing mandrel 2530 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 inchides one or more sealing monbera 2640 for 
fluididy sealing the int^fiioe between the lower sealing head 2540 and the 
25 inner sealing mandrel 2530. The sealing members 2640 may comprise any 
number of conventional commociaUy available sealing memben such as, for 
example, o-ringa, polypak seala or metal spring energized seals. In a preferred 
embodiment, the sealing members 2640 comprise polypak seala available from 
Parker Seals in order to optimaUy provide aeahng for a long axial stroke. 
30 The lower seating head 2540 may be coupled to the load mandrel 2550 
using any number of Conventional commerciaUy available mechanical couplings 
such as, for example, driUpipe coimection, oilfield country tubular goods 
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specialty type threaded connection^ weldings amorphous bonding or a standard 
threaded connection, (n a preferredl embodiment, the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodimenti the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluididy sealing the inter£Eu» between the lower 
sealing head 2540 and the load mandrel 2550. The sealing members 2645 may 
comprise any number of convmtional conunerdalty available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the sealing members 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the lower sealing head 2540 indudes a throat 
passage 2650 fluididy coupled between the fluid passages 2590 and 2600. The 

15 throat passage 2650 is preferably of reduced size and ia adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fluid 
passage 2590 is fluididy isolated firom the fluid passage 2600. In this manner, 
the pressure chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing mandrel 2545 ia also 
movably coupled to the inner surface of the casing 2560 and the outer siurface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 redfmcata in the 
axial direction. The radial dearance between the outer surface of the outer 

25 sealing mandrel 2545 and the inn« surface of the casing 2560 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodimoit, the 
radial dearance between the outer surface of the outer sealing mandrel 2545 
and the inner surface of the casing 2560 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2535 

30 during the expansion procesa. The radial dearance between the inner surface 
of the outer sealing mandrel 2545 and the outer surface of ^e lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to 0.01 inches in order to optimaliy provide miniinai 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 2545 may be fabricated from any number of convutional 
commercially available materiaLs such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or btlm similar hi gh strength 
10 materials. In a preferred embodiment^ the outer sealing mandrel 2545 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2545 may be coiqded to the upper sealing 
head 25S5 using ai^ number of conventional commercially available mf^hfuitnl 
15 couplings such aa, for example, drillinpe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment^ the outer sealing 
mandrel 2545 is removably coupled to the upper sealing head 2535 by a 
standard threaded connection. The outer sealing mandrel 2545 may be coupled 
20 to the expansion cone 2555 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular gqods specialty type threaded connection, welding, 
amorphous bonding, or astandard threaded connection. In a preferred 
embodiment^ the outer Healing mandrel 2545 is removably coupled to the 
25 expansion cone 2555 Iqr a standard threaded omnection. 

The upper sealing head 2535, the lower sealing head 2540, the inner 
sealing mandrel 2530, and the outer sealing mandrel 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fluidiciy coupled to the 
passage 2590 via one or more passages 2595. During operation of the apparatus 
30 2500, the plug 2655 engages with tiie throat passage 2650 to fluididy isolate the 
fluid passage 2590 Scorn the fluid passage 2600. The pressure chamber 2660 is 
then pressurized which in turn causes the upper sealing head 2535, outer 
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sealing mandrel 2545, and expansion cone 2555 to reciprocate in the axial 
direction. The axial motion of the eiqumsion cone 2655 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The 
5 load mandrel 2550 preferably comprises an annular member having 
substantial^ cylindrical inner and outer surfaces- The load mandrel 2550 may 
be fabricated from any number of conventional commerdalty available 
materials such as, for example, oilfield countiy tubular gooda, low alloy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. Ina 
10 preferred embodiment^ the load mandrd 2550 is fabricated from stainl^ 
in order to optimally provide hi^ strength, corrosion resistance, and low 
friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any number of conventional commerdaUy available mechanical couplings 
15 sudi as, for example, oilfield country tubular goods, driDpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is 
20 adapted to convey fluidic materials from the fluid pass^ 2590 to the region 
outside of the apparatus 2600. In a preferred embodiment, the fluid passsge 
2600 is adapted to convey fluidic matoials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
25 The expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2555 is also movaUly coupled to the inner surface of the 
casing 2560. In this manner, the upper sealing head 2535, outer sealing 
mandrel 2545, and the espanaion cone 2555 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2555 causes the casing 2550 to expand 
30 in the radial direction. 

The expansion cone 2555 preferably conq)rise8 an annular member 
having substantiaUy cylindrical inner and conical outer surfaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches, in a preferred embodiment^ the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casing. The axial length of the expansion cone 
5 2555 may range, for example, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2536 ranges from about 3 to 5 times the largest 
outside diamet» of the expansion cone 2535 in order to optimally provide 
stabilization and centralixation of the expansion cone 2535 during the 
10 expansion process. In a particularly prrferred »nbodiment» the 

outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 will be joined with. 
In a preferred embodiment, the an^e of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
15 and radial expansion forces. The optimum angle of attack of the expansion cone 
2535 will vary as a fimction of the particular operational features of the 
expansion op^ation. 

The expansion oone 2555 may be fabricated from any number of 
conventionai oommerciaUy available materials such as, for <«rfttnplft, machine 
20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
hi^ strength materials. In a preferred embodiment, the expansion cone 2555 
is fabricated from D2 machine tool steel in order to optimally provide 
strength, and reoistance to wear and galling* In a paiticularty preferred 
embodimait^ the outsiife sorfiaoe of the eqpanaion oone 2555 has a surface 
25 hardness ranging fttim about 58 to 62 RockweUC in order to optimaUyp^ 
hi^ strmigth and wear resistance. 

The expansi<m oone 2555 may be coupled to the outside sealing mandrel 
2545 using any number of conventional commerdally available mechanical 
couplings such as, for example, driUpipe connection, oilfidd countzy tubular 
30 goods specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a prdmed embodiment, the expansion cone 2555 is 
coupled to the outside sealing mandrel 2545 using a standard threaded 
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connectioa in order to optimally provide high strength and easy replacement of 
the expansion cone 2556. 

The casing 2560 is removably coupled to the slips 2525 and expansion 
cone 2555. The casing 2560 preferably comprises a tubular member. The 
5 casing 2560 may be fabricated from any number of conventional commercially 
available materials such as, for exanq)le, slotted tubulara, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a pref erred embodiment, the casing 2560 is fabricated 
from oilfidd country tubular goods available from various foreign and domestic 
10 steel mills in prder to optimal^ provide high strength using standardized 
materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 
includes a thin wall section 2670 and an outer « nT i"i»* r sealing member 2675. 
In a preferred embodiment, the wall thirJm<>ftfl of the thin wall section 2670 is 
15 about 50 to 100 % of the regular wall tJiirir^jHuy of the casing 2560. In this 
manner, the upper end 2665 of the casing 2560 m^y be easily radiaUy expanded 
and deformed into intimate contact with the lower end of an existing section of 
wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
20 expansion of the thin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a weUbore casing having a 
substantiaUiy constant inside diameter. 

The annular sealing member 2675 may be fabiicatad from any number of 
conventional ooounerciaUy available sealing materials such as, for example, 
25 epojgr, rubber, metal, or plastic In a jrofeiTed embodiment, the annular 
sealing member 2675 is fabricated from 8 trataLock epaxy in order to optimally 
provide oompressibiiity and resistance to wear. Theoutaidediameter of the 
annular sealing member 2675 preferably ranges from about 70 to 95 % of the 
inside diameter of the low« section of the wellbore casing that the casing 2560 
30 is joined to. In this manner, after radial expansion, the annular sealing member 
2670 optimaUty provides a Quidic seal and alao preferably optimally provides 
sufficient frictional force with the inside surface of ihe existing section of 
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wellbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690. 
5 In a preferred embodiment, the wall thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easi^ expanded and 
deformed. Furthmnore, in this manner, an other section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 
10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2685 of the lower end 2680 of the casing 2560 results in 
a wellbore casing having a substantial^ constant inside diameter. 
15 The annular sealing member 2690 nuy be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
rubber, metal, plastic or epoxy. In a prefored embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epoxy in order to optimally provide 
. compressibility and resistance to wear. The outside diameter of the annular 
20 sealing member 2690 preferabfy ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2560 is joined to. In thia manner, after radial expansion, the annnlt^r sealing 
member 2690 preferably provides a fluidic seal and also preferably provides 
sufQdent frictional force with the inaide wall of the wellbore during the radial 
25 expansion of the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 is preferabfy positioned in a 
wellbore with the upp» end 2665 of the casing 2660 positioned in an 
ovwlapping relationship with the lower end of an existing wellbore casing. In a 
particular^ prefarred embodiment, the thin wall section 2670 of the casing 
30 2560 is positioned in opposing overlapping relation with tiie thin wall section 
and outCT annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2560 will 
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compress the thin wall sections and annular compressible members of the upp€ 
end 2666 of the. casing 2560 and the lower end of the existing wellbore casing 
into intimate contact. During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2565; 

5 After positioning of the apparatus 2500, a first fluidic material is then 

pumped into the fluid passage 2565. The first fluidic material may comprise 
any number of conventional commoriaUy available matmals such as, for 
example, cement, water, alag-mix, epoxy or drilling mud. In a preferred 
embodiment, the first fluidic material comprises a hardenaUe fluidic sealing 
10 material such as. for example, cement, epoxy, or slag-mix in order to optLmaUy 
provide a hardenable outer annular bo^y around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
pai and 0 to 3,000 gallons/minute. In a pr^erred embodiment, the first fluidic 
15 material is pumped into the fluid passage 2565 at operatmg pressures and flow 
rates ranging from about 0 to 3,500 pa and 0 to 1,200 gallona^unute in order 
to optimally provide operational efficiency. 

The first fluidic material pon^ied into the fluid passage 2565 passes 
through the fluid passages 2570, 2676, 2580, 2690, 2600 and then outside of the 
20 apparatus 2500. The first fluidic material then preferably fiUs the annular 
r^on between the outside of the iq^Mratos 2500 and the intoior walk of the 
wellbore. 

The phig 2655 ia then introdneed into the fluid passage 2565. The|^ 
2656 lodges in the throat passage 2650 and fluidldy isolatea and blocks the 

25 fluid passage 2690. In a preferred embodiment; a couple of vohuies of anon- 
hardenable fluidic material are tlMD punqied into the fluid passage 2565 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. 

30 The second fluidie material nugr comprise any number of conventional 
commerdslly avaflable materials such as. for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodimoit, the second fluidic 
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material comprises a non-hardenable fluidic material such as» for example, 
water, driUing mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pumped into the fluid passage 2565 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gailona/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gailona/minute 
in order to optimally provide operational efficiency. 
10 The second fluidic material pumped into the fluid passage 2565 passes 

through the flmd passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued pumping of the second fluidic material pressurizes the pressure 
chambers 2605 and 2660. 
15 The pressurization of the pressiire chambers 2605 causes the slip 

members 2525 to expand in the radial direction and grip the interior siurface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationary position. 

The pressurization of the pressure chamber 2660 causes the upper 
20 sealing head 2535, outer sealing mandrel 2545 and expiansion cone 2555 to 
move in an axial direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, beginning with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 
25 moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressure 
chambar 2660. The length of the casing 2560 that is expanded during the 
expansion process wiU be proportional to the stroke length of the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 
30 Upon the completion of a stroke, the operating-pressure of the second 

fluidic material is reduced and the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the expansion cone 2555. The position of the driUpipe 
2505 is preferably adjusted throughout the radial expansion process in order to 
maintain the overlapping^ relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2560. 
5 In a preferred embodiment, the stroking of the expansion cone 2555 is then 
repeated, as necessary, imtil the thin waUed section 2670 of the upper end 2665 
of the casing 2560 is expanded into the thin walled section of the lower end of 
the mri atin g wellbore casing. In this manner, a wellbore casing is formed 
including two a4jaoent sections of casing having a substantially constant inside 
10 diameter. Tfaisprocesanwyfchenberepeatedfor the entirety of the wellbore to 
provide a wdlbore casing thousands of feet in length having a substantially 
constant inside diameter. 

In a preferred embodiment^ during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 
15 2670 of the upper end 2665 of the casing 2560 in order minimize slippage 
between the casing 2560 and the existing wellbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensure sufficient interference fit 
with the inside diameter of the lower end of the «i«tii%g casing to prevent axial 
20 displacement of the casing 2560 during the final stroke. Alteraatively, or in 
addition, the outside diameter of the annntfiy sealing member 2690 is selected 
to provide an interCerence fit with the inside walla of the wellbore at an earlier 
point in the radial ekpanaion process so as to prevent fturther axial displacement 
of the casing 2560. In this final alternative, the interference fit is preferably 
25 selected to permit expansion of the casing 2560 by puUing the expansion cone 
2555 out of the wellbore, without having to pressurize the pressure chamber 
2660. 

During the radial expansion process, the pressurized areas of the 
apparatus 2500 are preferably limited to the fluid passages 2565, 2570, 2575, 
30 2580, and 2590. the pressure chambers 2605 within the slips 2525, and the 
pressure chamber 2660. No fluid pressure acts directly on the casing 2560. 



-166- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



This pennits the use of operating pressures higher than the casing 2560 could 
normally withstand. . 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions of the apparatus 2500 are removed from the 
5 wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible «nnnl<iT members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10,000 psi in ordo^ to optimallj support the casing 2560 
using the existing wellbore casing. 
10 In this manner, the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior Quid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of the slips 2605 and the pressure 
chamber 2660 of Uieapparattis 2500. 

In a preferred embodiment^ as required, the annular body of hardenable 
15 fluidic material is then allowed to cure to form a rigid outer Mtitilflr hod^ about 
the expanded casing 2560. In the case where the casing 2660 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2560. The resulting new section of wellbore casing includes the equunded 
casing 2560 and the rigid outer annular boc^y. The overUqpping joint between 
20 the pre-existizigweUbore casing and the escpanded casing 25^ 

deformed thin waU sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings ia substantially 
constant In this manner, a mono^^liameter wdlbore easing is formed. This 
process of expanding overlapiung tubular members having thin wall end 
25 portions with compressible annular bodies into contact can be repeated for the 
entire l«gth of a wellbore. In this manner, a mono<diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred embodimenti as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the operating pressure of the second fluidic 
30 material is reduced in order to minimize shock to the s{)paratus 2500. In an 
alternative embodiment, the apparatus 2500 includes a shock absorber for 
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absorbing the shock created by the completion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressnre of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nesrs the end of the casing 2560 in order to optimally provide reduced axial 
movement and velodtjr of the expansion cone 2556. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2500 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled using typical oU weU rigging equipment and 
also minimize the frequency at which apparatus 2500 must be re-stroked. 
In an alternative embodiment, at least a portion of the u^ier sealing 
15 head 2535 includes an expansion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the surface area of 

the casing 2560 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

Alternatively, the apparatus 2500 may be used to join a firat section of 

20 pipeline to an existing section of pipeline. Alternatively, the apparatus 2500 
may be used to directly Hne the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2500 may be used to expand a tubular support member in a hole. 
Refening now to Figures 19. 19a and 19b, anotho- embodiment of an 

25 apparatus 2700 for etqianding a tubular monbw will be described. The 
Vparatus 2700 preferably includes a drillpipe 2706. an innentring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2726. a first lower sealing head 2730, a first outer sealing mandrel 
2735. a second inner sealing mandrel 2740. a second upper sealing head 2745, a 

30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, an azpanaion cone 2765, a mandrel laundier 2770, a mechanical 
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Slip body 2775, mechanical sUps 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800, 2805. 2810. 2315, 2820, 2826, and 2830. 

The driUpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the driUpipe 2705 supports the apparatus 
5 2700. The drillpipe 2705 prrferably comprises a substantially hollow tubular 
member or members. The driUpipe 2705 may be fabricated from any number of 
conventionai commerciaily available materials such as, for example, oilfield 
countty tubular goods, low aUoy steel, carbon steel, stainless steel, or other 
similar high strength materials. In a preferred embodiment, the driUpipe 2705 
10 is Fabricated from coiled tubing in order to facilitate the placement of the 

apparatus 2700 in non-vertical weUbores. The driUpipe 2705 may be coupled to 
the innmtring adapter 2710 using any number of conventional commerdaUy 
available mechanical coupUngs such as, for ezamirie, driUpipe connecdqn, 
oilfield country tubular goods specialty threaded connection, or a standard 
15 threaded connection. In a preferred embodiment, the driUpipe 2705 ta 

removably coupled to the innerstring adapter 2710 by a driUpipe connection in 
order to optimaUy provide high strength and easy disassembly. 

The driUpipe 2705 preferably indudes a fluid passage 2795 that is 
adapted to convey fluidic materials from a surface location into the fluid 
20 passage 2800. In a preferred embodiment, the fluid p^age 2795 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, driUing 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 pai and 0 to 3,000 galkmaMiinute. 

The innerstring adapter 2710 ia coupled to the driU string 2705 and the 
25 sealing sleeve 2715. The innerstring adapter 2710 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2710 may be fabricated fit>m any number of conventional commercially 
available materials such aa, for example, oUfield countiy tubular goods, low 
aUoy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
30 In a preferred embodiment^ the innerstring adapter 2710 ia fabricated from 
stainless steel in order to optamaUy provide high strength, corrosion resistance, 
and low friction surfaces. 
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The itmerstrmg adapter 2710 may be coupled to the drill string 2705 
using any aumber of conventional Qonunercially available mechanical couplings 
such as, for eacample, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection.- In a 
5 preferred embodiment, the innerstring adapter 2710 is removabUy coupled to 
the driU pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and easy disassembly. The innerstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially available niechanical coufdings such as, for example, drillpipe 
10 connection, oilfield countiy tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innmtring adapter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The innerstring ad^ter 2710 prtferably includes a fluid passage 2800 
15 that is adapted to convey fluidic mafayials from the fluid passage 279S into the 
fluid passage 2805. In a preferred onbodiment, the fluid passage 2800 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
20 The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and 

the first inner sealing mandrel 2720. The sealing sleeve 2715 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 2715 tnay be fabricated from any number of conventional commerdaUy 
available m a teri als such as, for example, oilfield country tubular goods, low 
25 alloy sted, carbon steely stainless steel or otho* similar hi^ strength materials. 
In a preferred aonbodiment, the sealing sleeve 2715 is fabricated from stainless 
steel in orda to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The sealing sleeve 2715 may be coupled to the innostring adapter 2710 
30 using any number of conventional commerciaUy available mechanical coup^^ 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
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threaded connection. In a preferred embodiment, the sealing sleeve 2715 is 
removably coupled to the innerstrii>g adapter 2710 by a standard threaded 
connector. The sealing sleeve 2715 may be coupled to the first inner sealing 
nmndrel 2720 using any number of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the sealing 
sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a 
standard threaded connection. 
10 The sealing sleeve 2715 preferably includes a fluid passage 2802 that is 

adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapts to 
convey fluidic materinla sudi as, for example, cemmt» qx»Qr, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
15 9,000 pei and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 
and the first lower sealing head 2730. The first inner sealing mandrel 2720 
preferably comprises a substantially hollow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated firom any number of 
20 conventional commercially available tT^fl*<»Tj^g such as, for example, oilfield 
country tubular goods, low aUpy steel, carbon sted, stainless steel or otiier 
similar high strength materials. In a preferred embodiment, the first inner 
sealing mandrel 2720 is fabricated firom stainless steel in order to optimally 
provide high strength, corrosioa resistance, and low friction surfaces. 
25 The first inner sealing mandrel 2720 nu^ be coupled to the sealing sleeve 

2715 using any number of conventional commefciallj available mechanical 
couplings such aa, for example, drillpipe connection oilfield country tubular 
goods specialty threaded connection, wdding, amorphous bonding, or a 
standard threaded connection. In a preferred racdxxiiment^ the first iimer 
30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard threaded connection. The first inner siding mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any number of conventional 
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commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular, goods specialty type threaded connection, 
welding; amorphous bonding, or a standfird threaded connection. In a preferred 
embodiment^ the first inner sealing mandrel 2720 is removably coupled to the 
5 firstlower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrd 2720 preferably includes a fluid passage 
2805 that is adapted to conv^ fluidic n^tttoriria from the fluid passage 2802 into 
the fluid passage 2810. In a preferred embodiment^ the fluid passage 2805 is 
adaptiwl to convqr fiuidic materials such as, for example, cemait^ epoa^, water, 

10 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

. Thefirstupper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 

15 is also movably coupled to the outer surface of the first inner sealing mandrel 
2720 and the inner surface of the casing 2790. In this manner, the first upper 
sealing head 2725 reciprocates in the axia^. direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealing mandrel 2720 may range, for 

20 example, from about 0.0025 to 0.05 inches. In a preferred embodiment^ the 
radial clearance between the inner cylindrical surface of the first upper sealing 
head 2725 and the outer surface of the first inner sealing mandrel 2720 ranges 
from about 0.005 to 0.125 inches in order to optimally provide iwiinttnai radial 
dearance. The radial clearance between the outer c^indricai surface of the 

25 first upper sealing head 2725 and the inner surface of the casing 2790 may 
range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the 
first upper sealing head 2725 and the mner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 

30 the expanaicm cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably compriseB an annular 
member having substantially cylindrical inner and outer surfoces. The first 
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upper sealing head 2725 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low aUoy eteei, carbon ateel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first upper sealing head 2725 is 
5 fabricated from stainless steel in order to optimally provide high slrength. 
corrosion resistance and lov? friction surfaces. The inner surface of the first 
upper sealing head 2725 preferably includes one or more annular sealing 

members 2835 for sealing the interface between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
10 comprise sny number of oonvenlional conunerdally available annular sealing 
members such as, for example, o-rings. polypak seals or metal spring energixed 
seals. In a preferred embodiment, the sealing nienibers 2835 comprise p^ 
seals availaUe from Parker Seals in order to optimally provide sealing for long 
aodal strokes. 

15 In a prefen^ embodiment, the first upper sealing head 2725 includes a 

shoulder 2840 for supporting the first upper sealing head 2725 on the first 
lower sealing head 2730. 

The first upper sealing head 2725 m^y be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially avaflable 
20 mechanical oouplingB such as. for example, drillpipe couieetion, oilfield countiy 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is removab^ coupled to the first outer sealing mandrel 2735 
by a standard threaded connection. In a preferred embodiment, the 
26 medianical eoupling between the first upper sealing head 2725 and the first 
outer sealing mandrel 2735 includes one or more sealing members 2845 for 
fiuidicly sealing the interface between the first upper sesling head 2725 and the 
first outer sealing mandrel 2735. The sealing members 2846 m«y comprise any 
number of conventional commercially available sealing members such as, for 
30 example, o-rings. polypak seals or metal spring eaeigized seals. In a preferred 
embodiment, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
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The first lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second ixmer.sealing mandrel 2740. The first lower 
sealing head 2730 is also movably coupled to the inner surface of the first outer 
sealing mandrel 2735. In this nuumo*, the first upper sealing head 2725 and 
5 first outer sealing mandrel 2735 reciprocate in the axial direction. The radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 m^jr range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment* the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
10 inner surface of the first outer sealing mandrel 2735 ranges from about O.OOS to 
0.01 inches in order to optimally provide minimal radial dearance. 

The first lower sealing head 2730 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
lower sealing head 2730 may be fabricated firom any number of conventional 
15 commercialJIy available materials such aa, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodimoit, the first lower sealing head 2730 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the first 
20 lower sealing head 2730 preferably includes one or more annular sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrd 2735. The seaUng members 2860 may 
comprise any number of conventional commercially available annnlAr sealing 
m^nbera such as, far exan^de, o-rings, polypak seals or metal spring energized 
25 seals. In a preferred embodiment, the sealing members 2850 comprise polypak 
seals available fit>m Parker Seab in ord» to optimally provide sealing for long 
axial strokes. 

The first lower sealing head 2730 may be coupled to the first inno* 
sealing mandrel 2720 using any number of conventional commercially available 
30 mechanical couplings such as^ for exanqile, oilfield country tubular goods 
specially threaded connections, welding amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the first lower sealing head 
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2730 is removably coupled to the first inner sealing mandrel 2720 by a standard 
threaded connection. , In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluididy sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing m^nbers 2855 may comprise any number of 
conventional commercial^ available sealing membw such as, for example, o- 
rings, polypak seals or metal spring en^ gized seals. In a preferred 
embodiment, the sealing members 2855 comprise polypak seals available from 
10 Park» Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
15 threaded connection. In a preferred embodiment^ the lower sealing head 2730 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidic]y sealing the 
20 interface between the first lower sealing head 27S0 and the second inner sealing 
mandreI2740. The sealing members 2860 ni^7 oonqiriBe any number of 
conventional oommerciaUy available sealing memben such as, for example, o* 
riii09>poliypak seals or m»tal spring energiz Inaprefored 
embodiment, the seating m^nbers 2860 comprise polypak seals available fix>m 
25 Parker Seab in order to ojMjmally provide sealing fOT 

The first outer aealiiig mandrd 2735 ia coupled to the firai npgm sealing 
head 2725, the seomd upper sealing head 2745, the aeoond outer sealing 
mandrel 2755, and the eaqtanaion cone 2765. The first outer sealing mandrel 
2735 is also movably coupded to the innv surface of the casing 2*^0 and the 
30 outasur&oe of the first lower sealing head 2730. In this manner, the first 
upper sealing head 27^, first outer sealing mandrel 2735, second upper sealing 
head 2745, second outer sealing mandrel 2755, and the expansion cone 2765 
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reciprocate in the axial direction. The radial clearance between the outer 
siuface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
5 first out^ sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 2735 and the outer 
surface of the first lower sealing head 2730 may range, for example, from about 
10 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges from about 0.005 to 0.01 inches in 
order to optimally provide miniiiiai radial clearance* 

The outer sealing mandrel 1935 preferably comprises an annular 
15 member having substantially cylindrical inner and outer siirfaoes. The first 
outer sealing mandrel 2735 may be fabricated frt>m any number of conventional 
commercially available materiab such as, for example, oilfield country tubular 
goods, low alloy sted, carbon steel, stainless steel or other similar higli strength 
materials. In a preferred embodiment^ the first outer sealing mandrel 2735 is 
20 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fiiction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods, 
25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment^ the first outer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
outer sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any number of oonvaitional commercially available mechanical 
30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the aecond upper sealing head 2745 by a standard threaded 
connection. 

The second inner sealing mandrel 2740 is coupled to the first lower 
sealing head 2730 and the second lower sealing head 2750, The second inno- 
5 sealing mandrel 2740 preferably comprises a substantially hollow tubular 
member or membo^. The second inner sealing mandrel 2740 may be fabricated 
firom any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel* carbon steel, stainless 
steel or other similar high strength materials. In a preferred emJbodiment, the 
10 second inner sealing mandrel 2740 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such aa» for example^ oilfield country tubular goods 
15 spedaliy threaded connection, welding amorphous bondings m a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 by a 
standard threaded connection. The mechanical coupling between the second 
inner sealing mandrd 2740 and the first lower sealing head 2730 preferably 
20 includes sealing members 2860. 

The second iimer sealing mandrel 2740 may be coupled to the second 
lower sealing head 2760 using any numbor of conventional oommercialfy 
available mechanical couplings such aa, for example, oilfield country tubular 
goods specially threaded connection, wdding, amorphous bonding, or a 
25 standard threaded connection. In a preferred embodiment, the second inner 
sealing mandrd 2720 ia removably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a prefOTed embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing head 2750 inchidea one or more sealing members 2865. 
30 The sealing members 2866 m^y comprise any number of conventional 
commercially available seals such aa, for example, o-rings, polypak seals or 
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metal spring energized seals. In a preferred embodiment, the sealing members 
2865 comprise polypak.seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fluid 
passage 2810 that is adapted to convey fluidic materials from the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodiment, the fluid passage 
2810 is adapted to convey fluidic materials such as, for example, cement, epoay, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pei and 0 to 3,000 gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing 
10 head 2725, the first outer sealing mandrel 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765* The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790. In this manner, the 
second upper sealing head 2745 reciprocates in the axial direction. The radial 
15 clearance between the inn«r cylindrical surface of the seocmd upper sealing head 
2745 and the outer surface of the second inner sealing mandrel 2740 may range, 
for example, irom about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner c;^drica| surface of the second upper 
sealing head 2745 and the outer surface of the second inner sealing mandrel 
20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial dearance between the outer ^lindrical 
surfiEioe of the second upper sealing head 2745 and the inner surface of the 
casing 2790 may range, for example, ftom about 0.025 to .375 inches. Ina 
preferred embodiment^ the radial clearance between the outer cylindrical 
25 surface of the second upper sealing head 2745 and the inner surface of the 
casing 2790 ranges fipom about 0.025 to 0.125 inches in order to optimal^ 
provide stabilization for the expansion cone 2765 during the expansion process. 

The second upp^ sealing head 2745 preferably comprises an annular 
member having substantiaUy ^lindrical inner and outer surfaces. The second 
30 upper sealing head. 2745 may be fabricated fi^m any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar hig}i strength 
materials. In a preferred embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistancOt cmd low friction surfaces. The inner surface^f the second 
5 upper sealing head 2745 preferabfy includes one or more annular sealing 
members 2870 for sealing the interface betwe^ the second upper sealing head 
2745 and the second inner sealing mandrel 2740. The sealing membera 2870 
may comprise any number of conventional conmierdally available Mnti^lnT 
sealing members such as, for example, o-rings, po^rpak seals, or metal spring 
10 energized seals. In a prefOTed embodiment, the sealing members 2870 
comprise po^ypak seals available from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

In a preferred embodimwt, the second upper sealing head 2745 includes 
a shoulder 2875 for supporting the second upper sealing head 2745 on the 
15 second lower sealing head 2750. 

The second upper sealing head 2745 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded 
20 connection, or a standard threaded connection. In a pteferred embodiment, the 
second upper sealing head 2745 is removably coupled to the first outer sealing 
mandrel 2735 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the second upper sealing head 2745 and the 
first outer sealing mandrd 2735 includes one or more sealing members 2880 for 
25 fluididy sealing the interface betwean the second upper sealing head 

the first outer sealing mandrd 2735. The sealing members 2880 ma7 comprise 
any number of conventional commercially available sealing members such as, 
for example, o-ringB, polypak seals or metal spring energized seals. Ina 
preferred embodiment, the sealing members 2880 comprise polypak g^^" 
30 available from Park» Seals in order to optimally provide sealing for a long axial 
stroke. 
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The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 2755 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
5 connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 includes one or more sealing members 2885 for fluididy sealing 
10 the interface between the second upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as. for ezany>le, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment^ the seaUng members 2885 comprise polypak seals available from 
15 Parker Seals in order to optimaUy provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movably coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner^ the first upper sealing head 2725, the 
20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrel 2755, and the expansion cone 2765 reciprocate in the 
direction. The radial dearance betwe» the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 maiy range, for example, from about 0.0025 to 0.05 inches. Inapreferred 
25 embodimttt» the radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 ranges from about 0.006 to 0.01 inches in order to optimally provide 
minimal radial clearance. 

The second lower sealing head 2750 preferably comprises an annular 
30 member having substantially cylindrical inner and outer surfaces. The second 
low^ sealing head . 2750 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carboa steel, stainless steel or other stmiJar hi efi strength 
materials. In a preferred embodiment^ the second lower sealing head 2750 is 
fabricated from stainless steel in order to optamally provide high strength^ 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more annular sealing 
members 2890 for sealing the interface between the second lower sealing head 
2750 and the second outer sealing mandrel 2755. The sealing members 2890 
may comprise any number of conventional commercially available ««t]^^^n|' 
sealing members such as, for example, o-rings, po^pak seals or metal spring 
10 energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optimal]^ 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional conmierdaUy available 
15 mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods spedaUy threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is removably coupled to the second inner sealing 
mandrel 2740 by a standard threaded connection. In a preferred embodiment, 
20 the mechanical coupling between the second lower sealing head 2750 and the 
second inner sealing mandrel 2740 includes one or more sealing members 2895 
for fluidicly seahng the interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of conventional commercially available sealing members such as, for 
25 example, o-rings, polypak seals or metal spring enogized seals. In a preferred 
embodimoit, the sealing members 2895 comprise pofypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any niunber of conventional oommerciai^ available mechanical 
30 coupUngB such as, for example, drillpipe connection, oilfield tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluididy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing members 2900 may comprise any number of conventional commercially 
available sealing menobers such as, for example, o-rings^ po^ypak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2900 
comprise pol3rpak seals available from Parker Seals in order to optimally 
10 provide sealing for long axial strokes. 

In a prefmped embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluidicly coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is fldflpt^ to 
receive and engage with a plug 2910, or other similar device. In this manner, 
15 the fluid passage 2810 is fluidicly isolated from the fluid passage 2815. In this 
manner, the pressure chambers 2915 and 2920 are pressurized. The use of a 
plurality of pressure chambers in the apparatus 2700 permits the effective 
driving force to be multiplied. WbileiUustratedusingapair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be further modified to 
20 employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper 
sealing head 2725, the first outer sealing mandrel 2735, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrel 2755 is also mova^y ooufded to the inner surface of the casing 2790 
25 andtheoutersurfoce of the second lower sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outer sealing mandrel 2755, and the expansion 
cone 2766 reciprocate in the axial direction. 

The radial clearance between the outer surface of the second outer 
30 sealing mandrd 2755 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the second outer sealing mandrel 
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2755 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance between the inner surface 
of the second outer sealing mandrel 2755 and the outer surface of ihe second 
5 lower sealing head 2750 may range, for example, from about 0.0025 to 0.05 
inches. In a prefened embodiment^ the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the outer surface of the 
second lower sealing head 2750 ranges fi^m about 0.005 to 0.01 inches in order 
to optimally provide inifiitni^i radial clearance. 
10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially cylindrical inner and outer siirfaces. The second 
outer sealing mandrel 2755 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield countxy tubular 
goods, low alloy steel, carbon steel, stainless sted or other similar high strength 
15 materials. In a preferred embodiment, the second out^ sealing mandrel 2755 is 
fabricated from stainless steel in order to optimally provide hi g f ^ strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 
20 available mechanical couplings such as, for example, drfllpipe connection, 
oilfield country tubular goods specialty threaded connection, ratchetrlatch type 
threaded connection or a standard threaded coimection. In a preferred 
embodimenti the second outer sealing mandrel 2756 is removably coupled to 
the second upper sealing head 2745 by a standard threaded coimection. The 
25 second outer sealiiig mandrel 2755 nuQT be coupled to the expansioii cone 2765 
using any number of conventional commercially available mechanical couplings 
such as« for example, driUpipe connection, oilfield country tubular goods 
specialty type threaded ooimection, ratchei-latch type threaded connection, or a 
standard t h rea ded coimection^ In a preferred embodiment^ tlie second outer 
30 sealing mandrel 2755 is removably coupled to the expanaion cone 2765 by a 
standard threaded connection. 
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The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip body 2755. The load mandrel 2760 preferably 
comprises an a nn u l a r member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated from any number of 
5 conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 
2760 is fabricated from stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low friction surfaces. 
10 The load mandrel 2760 may be coupled to the second lower sealing head 

2750 using any number of conventional conunerdally available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard threaded connection. The load mandrel 2760 may be coupled to 
the mechanical slip body 2775 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 
oilfield countiy tubular goods specialty type threaded connection, ratchetriatch 
20 type threaded connection or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical slip 
body 2775 by a stan.dard threaded connection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is 
ad^ted to convey fluidic matmab from the fluid passage 2810 to the fluid 
25 passage2820. In a pieferred embodiment, the fluid passage 2815 is adapted 
convey fluidic matmnla audi as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 
30 2755. The expansion cone 2765 is also movab^ coupled to the inner surface of 
the casing 2790. In this manner, the first upper sealing head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
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mandrel 2755, and the expansion cone 2765 reciprocate in the Minj direction. 
The redprocation of the expansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2765 preferably comprises an «T^nMlnr member 
5 having substantiaUy cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface ms^ range, for example, from about 2 to 34 
inches. In a preferred embodimrati the outside radiua of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide 
expansion cone dimensions that accommodate the typical range of casings. The 
10 axial length of the expansion cone 2765 may range, for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765. In a prefOTed 
embodiment, the aidal length of the expansion cone 2765 ranges from about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in order to 
optimally provide stabilization and centralization of the expansion cone 2765. 
15 In a preferred embodiment, the an^e of attack of the expansion cone 2765 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
and radial expansion forces. 

The expansion cone 2765 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strragth materials. In a preferred embodiment, the expansion cone 2765 
is fabricated frt>m D2 machine tool steel in order to optimaUy provide high 
strength and resistance to corrosion and galling. In a particularly preferred 
embodimenti the outside surface of the expansion cone 2765 has a surface 
25 hardness ranging from about 58 to 62 RockweU Gin order to optimaUy provide 
high strength and resistanoe to wear and galling. 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 uaing any number of conventional oommercially available 
mechanical couplings such as, for example, drillpipe connection, oilfidd country 
30 tubular goods specialty type threaded connection, ratdietrlatch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide high 
strength and easy replacement of the expansion cone 2765. 

The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The wall thickness of the mandrel launcher 2770 
may range , for example, from about 0.15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 2770 ranges from 
10 about 0.25 to 0.75 inches. Inthismanner, the initiation of the radial expansion 
of the casing 2790 is facilitated, the placement of the apparatus 2700 within a 
wellbore casing and wellbore is facilitated, and the mandrd launcho^ 2770 has a 
burst strength approximatety equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
15 number of conventional mechanical couplings such as, for exano^e, a standard 
threaded connection. The mandrel launcher 2770 may be fiabricated from any 
number of conventional commercial^ available materials such as, for example, 
oilfield country tubular goods, low all<qr steel, carbon steel, stainless steel, or 
other similar high strength materials. In a preferred embodiment^ the mandrel 
20 launcher 2770 is fobricated from oilfield country tubuldr goods of fairer 

strength than that of the casing 2790 but with a reduced wall thickness in order 
to optimally provide a amall compact tubular container having a burst strength 
spproximately equal to that of the casing 2790. 

The mechanical aUp bo(|y 27*^ is coi^led to the load mandrel 2760, the 
25 mechanical slips 278Qp and the drag bkicfcB 2786. The mechanical slip body 
2775 preferably comprises a tubular member having an inner passage 2820 
fluididy coupled to the passage 2816. In this manner, Quidic nifttwislg may be 
conv^ed from the passage 2820 to a rqpon outside of the apparatus 2700. 

The mechanical alip bo^ 2775 may be coupled to the load mandrel 2760 
30 using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection in order to optimally 
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provide high strength and easy disassembly. The mechanical slip body 2775 
may be couple^ to the mechanical dips 2780 using any number of conventional 
mechanical couplings. In a preferred embodiment, the mechanical slip body 
2755 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rings in order to optimally provide a high 
strength attachment. The mechanical slip bo4y 2765 may be coupled to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip bo4y 2775 ia removably coupled to 
the drag Uocka 2785 using threaded oonnectiona and sUding steel retainer rings 
10 in order to optimally provide a hi^ strength attadunoit 

The medianical slip body 2775 preferably includes a fluid passage 2820 
that ia adapted to convqr fhiidic materials from the fluid passage 2815 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is edited to convey fluidic materials such as, for example, 
15 cement, epo^, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2775. During operation of the apparatus 2700, the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 
20 mandrel launcher 2770. In this manner, during the axial reciprocation of the 
expansion cone 2766, the casing 2790 and mandrel launcher 2770 are 
maintained in a substantially stationary position. In this manner, the mandrel 
launcher 2766 and caaing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movement of the expansion cone 2765. 
25 The mechanical shpa 2780 may con4>riBe any number of conventional 

conunerdally available mechanical slips such as, for examine, RTTS pwk fr 
tungsten carbide mechanical sUpe. RTTS pack^ wicker type mechanical sUps or 
Model 3L retrievable bridge plug tungstoi carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2780 compriae RTTS 
30 tungsten carbide mechanical slips available from HaUiburton Energy Services 
in order to optimally provide resistance to axial movement of the casing 2790 
and mandrel launcher 2770 during the expanaion process. 
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The drag blocks 2785 are coupled to the outside surface of the 
mechanical sUp hwfy 2775. During operation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2765, the caaing 2790 and mandrel launcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2770 
and caaing 2790 are expanded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 
10 commercially available mechanical slips such as, for example, BTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Sendcee in order to optimally 
provide resistance to axial movement of the caaing 2790 and mandrel launcher 
15 2770 during the expansion process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 
2790 is further removably coupled to the mechanical sUps 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubular member. The casing 
2790 may be fabricated from any number of conventional comma>ciall7 
20 available materials such as, for example^ slotted tubulars, oilfield countiy 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a prefrared onbodiment, the casing 2790 is fobricated 
from oilfield country tubular goods available from various foreign and domestic 
steel miUs in order to optimal^ provide high strength using standardized 
25 materials. In a preferred embodiment, the upper end of the casing 2790 
includes one or more sealing memben positioned ahout the exterior of the 
casing 2790. 

During operation, the apparatus 2700 is positioned in a wellbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within 
30 an existing wellbore casing. In order minimize surge pressures within the 
borehole during plac«nent of the apparatus 2700, the fluid passage 2795 is 
preferably provided with one or more pressure rdief passages. During the 
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pJacement of the apparatus 2700 in the weUbore, the casing 2790 is supported 
by the ezpandop cone 2765. 

After podtioning of the apparatus 2700 within the bore hole in an 
overl vping relationship with an ensting section of weUbore casing, a Orst 
5 fluidic material is pumped into the fluid passage 2796 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2795 to the fluid 
passages 2800, 2802, 2806, 2810, 2815, and 2820. The first fluidic material will 
then exit the apparatus 2700 and fin the annular region between the outside of 
the apparatus 2700 and the interior walls of the bore hole. 
10 The first fluidic material may comprise any numbo- of conventional 

commercially available materials such as, for example, epoxy. drilling mud, slag 
mix, water or cement In a preferred embodiment, the first fluidic material 
comprises a harden«ble fluidic sealing material such as, for example, slag mix, 
epoxy,orcanent. In this manner, a wellbore casing having an outer annular 
15 layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gaUons^ute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2700 at opmting pressures and flow 
20 rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 
to optimally provide operational efficiency. 

At a predetermined point in the iiyection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2700 has been 
filled to a predetermined level, a plug 2910, dart, or other similar device is 
25 introduced into the first fluidic matoiaL The {dug 2910 lodges in the throat 
passage 2905 thmtby fluididy isolating the fluid passage 2810 from the fluid 
passage 2815. 

After placement of the plug 2910 in the throat passage 2905, a second 
fluidic material is pumped into the fluid passage 2796 in order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic matmal may comprise 
any number of conventional commercially available tnateri«ia such as, for 
example, water, drilling gases, drilling mud or lubricants. In a preferred 

• 188 • 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILO0/0O24S 



embodiment, the second fluidic material comprises a non-hardenable flxiidic 
material such as, for example, water, drilling mud or lubricant. The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 
2700. 

5 The second Ouidic material may be pimiped into the apparatus 2700 at 

operating presstxres and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material ia pumped into the apparatus 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallona/minute in 
10 order to optimally provide operational efficiency. 

The pressurization of the pressure chambers 2915 and 2920 cause the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, 
and expansion cone 2765 to move in an axial direction. As the eq>ansion cone 
2765 moves in the axial direction, the expansion cone 2766 pulls the mandrel 
15 launcher 2770, casing 2790, and drag blocks 2785 along, which seta the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial movement of the 
expansion cone 2765 radially expands the mandrel laundier 2770 and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2735 and 2755, and expansion cone 2765 complete an axial stroke, the 
operating pressure of the second fluidic material is reduced and the drill string 
2705 is raised. This causes the inner sealing mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical slip body 

25 2755 to move upward This unsets the mechanical slips 2780 and pmnits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel launcher 2770 and oBising 2790. When the lower sealing heads, 2730 
and 2750, contact the xLppa sealing heads, 2725 and 2745, the second fluidic 
material is again pressurized and the radial expansion process continues. In 

30 this manner, the mandrel launcher 2770 and casing 2790 are radially expanded 
through repeated axial strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout the 
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radial expansion process, the upper end of the casing 2790 ia preferably 
maintained in an overlapping relatiqn with an existing section of wellbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimafte contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2790 provide a lluidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing weUbore casing. In a preferred 
10 embodimmt, the contact pressure between the casing 2790 and the existing 
sectioa of wellbore casing ranges from about 400 to 10,000 in order to optimally 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movement of the expanded casing, and optimally resist 
typical tensfle and compressive loads on the expanded casing. 
15 In a preferred embodiment, as the expansion cone 2765 nears the end of 

the casing 2790, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
embodiment, the apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 
20 In a preferred embodiment, the reduced operatihg pressure of the second 

fluidic material ranges from about 100 to 1,000 psi as the eqwnsion cone 2765 
nears the end of the casing 2790 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
25 return stroke of the apparataw 2700 to the range of about 0 to 500 psi in order 
minimize the reaiatance to the movement of the expansion cone 2765 during the 
return stro^ In a fveferred embodiment, the stroke loigth of the apparatus 
2700 ranges from about 10 to 45 feet in order to optimal^ provide equipment 
that can be easily bandied by typical oO weU rigging equipment and minimize 
30 the frequency at wU ch the apparatus 2700 must be re-stroked during an 
expansion operation. ' 
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In an alternative embodiment, at least a portion of the upper sealing 

heads, 2725 and 2745, include expansion conea for radially expanding the 

mandrel launcher 2770 and casing 2790 during operation of the apparatus 2700 

in order to increase the surface area of the casing 2790 acted upon during the 

5 radial expansion process. In this manner, the operating presaures can be 
reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 
10 apparatus 2700. 

Upon the complete radial expansion of the casing 2790, if applicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the wellbore. In 
the case where the casing 2790 is slotted, the cured fluidic material preferably 
15 permeates and envelops the expanded casing 2790. In this manna-, a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2700 may be used to join a first section of pipeline to an existing 
section of pipeline. Alternatively, the apparatus 2700 miy be used to directly 
line the interior of a weUbore with a casing, without the uae of an outer annular 
20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2700 are limited to the fluid passages 2796, 2800, 2802, 2805, and 
2810, and the pressure chambers 2915 and 2920. No fluid pressure acts directly 
25 on the mandrellauncher 2770 and casing 2790. This pennits the use of 
operating pressures higher than the msndrel launclier 2770 and casing 2790 
could normally withstand. 

Referring now to Figure 20, a prefored embodiment of an apparatus 
3000 for forming a mono-diameter wdlbore casing will be described. The 
30 apparatus 3000 preferably includes a drillpipe 3005, an innetstring adapter 
3010, a sealing sleeve '3015, a first inner sealing mandrel 3020. hydraulic sUps 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3065, eacpanaion cbne 3070, casing 30*^, 
and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 311&and 3120. 
5 The driUpipe 3005 is coupled to the innerstring adapter 3010. During 

operation of the apparatus 3000, the driUpipe 3005 supports the apparatus 
3000. The driUpipe 3005 preferably comprises a substantiaUy hottow tubular 
member or membars. The driUpipe 3005 may be fabricated from any number of 
conventional oommerdaUy available materials such as, for eacample, oilfield 
10 countty tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the driUpipe 3005 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 3000 in non-vertical weUbores. The driUpipe 3005 may be coupled to 
the innmtring adapter 3010 using any number of conventional conmierciaUy 
15 available mechanical couplings such as, for example, driUpipe coxmection, 
oilfield country tubular goods spedaUy threaded connection, or a standard 
threaded connection. In a preferred embodiment, the driUpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a driUpipe connection. 
The driUpipe 3005 preferably includes a fluid passage 3080 that is 
20 adapted to convey fluidic materials from a stoiace location into the fluid 

passage 3085. In a preferred embodiment, the fluid passage 3080 is adapted to 
convey fluidic materials such as, for eonmple, cement, epooqr, water, driUing 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUona/tninute. 
25 The innerstring ad^ter 3010 ia coupled to the driU string 3005 and the 

sealing sleeve 3015. The innerstring adqitar 3010 prefioraMy comprises a 
substant i a ll y hoUow tubular member or membws. The innerstring adapter 
3010 may be fabricated from any number of conventional oommerciaUy 
available noaterials such as, for example, oilfield country tubular goods, low 
30 aUoy steel, carbon steel, stainless steel, or other similar hi^ strength materials. 
In a preferred embpdifaient, the innerstring ad^)ter 3010 ia fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubiilar goods 
specialty type threaded connection, or a standard threaded connection. In a 
prefOTed embodiment, the innerstring adapter 3010 is removably coupled to 
the drill pipe 3005 by a drillpipe connection. The innerstring adapter 3010 may 
be coupled to the sealing sleeve 3015 using any number of conventional 
10 commercially available mechanical couphngs such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fluidic materials from the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment^ the fluid passage 3085 ia 
adapted to convey fluidic materials such as, for example, cement, epaxy, water, 
drilling mud, or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and 
the first inner sealing mandrel 3020. The sealing sleeve 3015 preferably 
comprises a su h n t antiaU y hollow tubular member or members. The sealing 
sleeve 3015 may be fabricated from any number of conventional commmiaUy 
25 availabte matwrialfl such as, for example, oilfield country tubular goods, low 
alloy steel, caziion steel, stainless steel or other similar high straigth materials. 
In a preferred embodiment, the sealing sleeve 3015 is fabricated from stainless 
steel in order to optimalib^ provide hi^ strength, corrosion resistance, end low 
friction surfaces. 

30 The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
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specialty type threaded connection, ratdiet-latch type connection or a standard 
threaded connection. , In a preferred embodiment, the sealing sleeve 3015 is 
removabfy coupled to the innerstring adapter 3010 by a standard threaded 
connection. The sealing sleeve 3015 majr be coupled to the first inner sealing 
5 mandrd 3020 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 3015 is removably coupled to tiie first inner sealing mandrel 3020 
10 by a standard threaded connection. 

The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
adapted to convey fluidic materials from the fluid passage 3086 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 is ada|)ted to 
convey fluidic materials such as, for example, cement, epozy, water, drilling 
15 mud, or lubricants at operating pressures and flow rates ranging firom about 0 
to 9,000 psi and 0 to 3,000 gallonsMiinute. 

The first inno- sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the l^ydraulic slips 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is further movably coupled to the first upper sealing 
20 head 3030. The first inner sealing mandrel 3020 preferab^ comprises a 
substantial^ hollow tubular member or members. The first inner sealing 
mandrel 3020 may be fabricated from any number of conventional commercially 
available mntmals such as, for example, oilfield country tubular goods, low 
aUoy steel, carbon sted, stainless steel, or similar hi^ strength materials. In a 
25 preferred embodimenti the first inner sealiEig mandrel 3020 is fabrica^ 

stainless sted in order to optimal^ provide high strength, corrosion resistance, 
and low firiction surfSenes. 

The first inner sealing mandrd 3020 may be coufded to the sealing sleeve 
3015 using apy numbs of conventional commercialliy available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded comiection. In a preferred embodimenti the 
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first inner sealing mandrel 3020 is removably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 may 
be coupled to the hydraulic sUps 3026 using any number of conventionai 
commercially available mechanical couplings such as, for example, driUpipe 
5 connection, oilfield countiy tubular goods spedaUy type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
coupled to the hydraulic slips 3025 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 
10 3035 using any number of conventional commerdaUy available mechanical 
couplings such as, for exanqile, driUpipe connection; oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connectioc. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 
15 head 3035 by a standard threaded connectifm. 

The first inner sealing mandrd 3020 prrferably indudea a Quid passage 
3095 that is adapted to convqr fluidic materials firom the fluid passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as. for example, water, drilling mud. 
20 cement, epo^, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9.000 pei and 0 to 3,000 gallonateinute. 

The first inner sealing mandrel 3020 finther preferably includes fluid 
passages 3110 that are adapted to conv^ fluidic materials from the fluid 
passage 3095 into the pressure chambezs of the hydrauUc slips 3025. In this 
25 manner, the sUps 3025 are activated upon the pressurization of the fluid 
passage 3095 into contact with the inside surftoe of the casing 3075. Ina 
preferred embodiment, the fluid pass^ 3110 are adapted to conv^ fluidic 
materials such as. for example, cement, epo:ty, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging fiwm about 0 to 9.000 
30 psi and 0 to 3,000 gaUona/minute. 

The first inner dealing mandrel 3020 further preferably includes fluid 
passages 3115 that are adapted to convqr fluidic materials from the fluid 
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passage 3095 into the first pressure chamber 317S defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and the first outer sealing mandrel 3040. During operation of 
the iq>paratu8 3000, pressurisation .of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050» the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are 
10 activated upon the pressurization of the fluid passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 fT»iit> tj*i ^ 
the casing 3075 in a substantially stationary position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise 
15 any number of convrational commerdalty available hydraulic slips such as, for 
example, RTTS packer tungsten carbide Iqrdrauiic slips or Model 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 3025 
comprise RTTS packer tungsten carbide hydraulic slips available from 
Halliburton Energy S^rrices in order to optimally provide resistance to axial 
20 movement of the casing 3075 during the expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upper sealing head 3050, the second outor sealing 
mandrel 3060, and the expansion cone 3070. The first upper sealing head 3030 
is also movably coupled to the outer surface of the fint inner sealing mandrel 
25 3020 and the inner sor&oe of the casing S075. In this manner, the fint uppor 
sealing head 3030, the first outer sealing mandrel 3040, the second upper 
sealing head 3050, the second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in tiie axial direction. 

The radial dearance between the inner qrlindrical aurfaoa of the first 
30 upper sealing head 3030 and the outer surface <rf the first inner sealing mandrel 
3020 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial dearance between the inner ^lindrical surface of the 
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first upper sealing head 3030 and the outer surface of the first inner aealing 
mandrel 3020 ranges from about 0,005 to 0.01 inches in order to optimally 
provide mintmnt radial clearance. The radial clearance between the outer 
cylindrical surface of the first upper sealing head 3030 and the inner surface of 
5 the casing 3075 may range, for example, from about 0.025 to 0,375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the first upper sealing head 3030 and the inner sxuface of the casing 
3075 ranges fix)m about 0,025 to 0.125 inches in ordo- to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. 
10 The first upper sealing head 3030 preferably comprises an annular 

member having substantial^ cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated firom any number of convrational 
commercially available materiala such as, for exanqde, oilfield country tubular 
goods, low alloy steel, carbon steel, or other similar high strength materials. In 
15 a preferred embodiment, the first upper sealing head 3030 is fabricated from 
stainless steel in order to optimal^ provide high strength, corrosion resistance, 
and low fiiction surfaces. The inn« surface of the first upper sealing bead 3030 
preferably includes one or more annular sealing mraibers 3145 for sealing the 
interface between the first upper sealing head 3030 and the first inn^ sealing 
20 mandrel 3020. The sealing members 3145 may comprise any number of 
conventional commerciaUy available awnnlftr sealing members such as, for 
example, o-rin^, pQ^ypak seals or metal spring energized seala. In a preferred 
embodiment, the sealing memben 3145 comprise po^ypak seals available from 
Parker seals in order to optimally provide sealing for a long «^»} stroke. 
25 In a preferred embodiment, the first upper sealing head 3030 inchides a 

shouldo* 3150 for supporting the first uppor sealing head 3030, first out^ 
sealing mandrd 3040, second uppcar sealing head 3050, second out^ sealing 
mandrel 3060, and expansion cone 3070 on the first low«r sealing head 3035. 
The first upper sealing head 3090 may be coupled to the first outer sealing 
30 mandrel 3040 using any number of conventional commercially availaUe 

mechanical couplings duch as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a preferred embodimentt the first upper sealing head 3030 is 
removably coupled to the first outer sealing mandrd 3040 by a standard 
threaded connection. In a preferred embodiment^ the mechanical coupling 
between the first upper sealing head 3030 and the first outer sealing mandrel 
5 3040 includes one or more sealing members 3155 for fluididy sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 may comprise any number of 
conventional cooamerdally available sealing members such as, for example, o- 
rings, polypak seals, or metal spring energized seals. In a preferred 
10 embodiment, the sealing members 3155 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 is also movably coupled to the inner surface of the first outer 
15 sealing mandrel 3040, In this maimer, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050» second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 
20 may range, for example, fi*om about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges firam about 0.005 to 0.01 inches in order to optimaUy provide mifiimai 
radial clearance. 

25 The first lower sealing head 3035 preferably comprises an annular 

member having substantial^ <gdindrical inner and outer surfaces. The first 
lower sealing head S0S5 may be fabricated flrom any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon sted, stainlesB steel or other similar high stragth 

30 materials. In a prefmred embodiment, tilie first lower sealing head 3035 is 
fabricated firom stoinleaa steel in order to optimally provide high strength, 
corrosion resistance, and low firiction surfaces. The outer surface of the first 
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lower sealing head 3035 preferably includes one or more annular sealing 
members 3160 for sealing the interface between the first lower sealing head 
3035 and the first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional commercially available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing memb^ 3160 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner 
10 sealing oiandrel 3020 using any number of conventional commerdallyavail^^^ 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodimat, the 
first lower sealing head 3035 ta removably coupled to the first inner sealing 
15 mandrel 3020 by a standard threaded connection. In a prrforred embodimmt, 
the mechanical coupling between the first lowo- sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluidic^y sealing the interface between the first lower sealing head 3035 and the 
first inner sealing mandrel 3020. The sealing members 3165 may comprise any 
20 number of conventional commercially available sealing members such aa» for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 3165 comprise pofypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 
The first lowor sealing head 3035 may be coupled to Uie second innv 
25 sealing mandrel 3045 using any number of conventional cx)mmercially available 
mechanical couplings such aa, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removabfy coupled to the second inner sealing 
30 mandrel3045by a standard threaded connection. In a prefmed embodiment, 
the mechanical coupling between the Erst low^ sealing head 3036 and the 
second inner sealing mandrel 3045 includes one or more sealing members 3170 
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for fluididy sealing the interface between the first lower sealing bead 3035 and 
the second inner sealing mandrel 3045. The sealing members 3170 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 
available from Parker Seals in order to. optimally provide sealing for a long axial 
stroka 

The first outer sealing mandrel 3040 is coupled to the Erst upper sealing 
head 3080 and the second upper sealing head 3050, The first outer sealing 
10 mandrel 3040 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the first lower sealing head 3035. In this manner, the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and the expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer 
15 surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 may range, for example, fi-om about 0.025 to 0,375 inches* In a 
preferred embodiment, the radial clearance between the outer surface of the 
first outer sealing mandrel 3O40 and the inner surface of ttie casing 3075 ranges 
fi-om about 0.025 to 0.125 inches in order to optimally provide stabilization for 
20 the expansion cone 3070 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrd 3040 and the outer 
surface of the first lower sealing head 3035 may range, for example, from about 
0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer surface 
25 of the first lower sealing head 3035 ranges from about 0.005 to 0.01 inches in 
order to optimally provide minimal radial clearance. 

The first outer sealing mandrel 3040 preferably comprisea an annular 
member having substantially cylindrical inner and outer surfaces. The first 
outer sealing mandrel 3040 may be fabricated from any number of conventional 
30 commerdaUly available materials such aa, for example^ oilfield country tubular 
goods, low alloy steei, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodimenti the first outer sealing mandrel 3040 is 
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fabricated from stainless steel in order to optimaily provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealing head 3030 using any number of conventional commerdaUy available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodimoit, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
uppor sealing head 3030 includes one or more sealing membm 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing members 3180 may comprise any numbo* of 
conventional commerdally available sealing members such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment^ the sealing members 3180 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
20 mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a prefmred embodiment, the 
first outer sealing mandrd 3040 is removably coupled to the second upper 
sealing head 3050 by a standard threaded connection. Inapreferred 
25 embodiment^ the mechanical coupling between the 6iat outer sealing mandrel 
3040 and the second upper sealing head 8050 mdudes one or more sealing 
members 3185 for sealing the interface between the first outer sealing mandrel 
3040 and the second upper sealing head 3050. The sealing members 3185 may 
comprise any number of convaitional commercially available sealing members 
30 such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment* the sealing members 3185 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrel 3045 preferably comprises a substantially hollow tubular 
member or members. The second inner sealing mandrel 3045 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield countzy tubular goods, low alloy steely carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 3045 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction stnrfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using aqy number of conventional commercially available 
mechanical couplings such aa, for example, drillpipe connection^ oilfield country 
15 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodimenti the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
sealing mandrel 3045 may be coupled to the second lower sealing head 3055 
20 using any numb» of con v»tiondoonmierciaUy available medianicala)upiin 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch ^ype connection, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 9045 ia removably coupled to the second lower sealing head 3055 by a 
25 standard threaded connection. 

The second inner sealing mandrd 3045 preferably includes a fluid 
passage 3100 that is adaptpd to convey fluidie materials from the fluid passage 
3095 into the fluid passage 3105. In a pref eiied embodiment, the fluid passage 
3100 is n dap t M to convey fluidie matmala such aa, for example, cement, epoxy, 
30 water, drilling mud or lubricants at operating presaurea and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The second ixmer sealing mandrel 3046 further preferably includes fluid 
passages 3120 that ars adapted to convey fliddic ooaterials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3050, the second lower sealing head 3065, the second inner 
5 sealing mandrel 3045, and the second outer sealing mandrel 3060. During 
operation of the apparatus 8000, pressurization of the second pressure chamber 
3190 causes the first upper sealing head 3030. the first tiuter sealing mandrel 
3040, the second upper sealing head 3050. the second outer sealing mandrel 
3060. and the expansion cone 3070 to move in an axial direction. 
10 The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3050 is also movaUy coupled to the outer surface of the second 
mner sealing mandrel 3045 and the inner surface of the casing 3075. In this 
manner, the second upper sealing head 3050 redprocates m the axial direction. 
15 The radial clearance between the inner cylindrical surface of the second upper 
sealing head 3050 and the outer surlhce of the second inner sealing mandrel 
3045 may range, for example, from about 0.0026 to 0.06 inches. In a preferred 
embodiment the radial clearance between the inner cylindrical surface of the 
second upper sealing head 3050 and the outer surface of the second inner 
20 sealing mandrel 3045 ranges fium about 0.006 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the 
outer <7lindrical surfiace of the second upper sealing head 3050 and the inner 
surface of the casing 3076 nuqr range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial dearance between the outer 
26 qjrlindrica] surface of the second upper sealing head 3050 and the inner surface 
of the casing 3076 rangee firom about 0.025 to 0. 125 inches in order to optimaUy 
provide stabilization for the expansion cone 3070 during the expansion process. 

The second upper sealing head 3050 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing head.3060 may be fabricated from any number of conventional 
commercial^ available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment^ the second upper scaling head 3050 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface of the second 
5 upper sealing head 3050 preferably includes one or more annular sealing 
members 3195 for sealing the interface between the second upper sealing head 
3060 and the second ixiner sealing mandrel 3045. The sealing members 3195 
may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodiment, the sealing membm 3195 
comprise polypak seals available from Parker Seals in order to optimal^ 
provide sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 indudes 
a shoulder 3200 for supporting the first upper sealing head 3030, first outer 

15 sealing mandrel 3040, second upp^ sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer 
sealing mandrel 3040 using any number of conventional commardally available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanical conpting between the second upper sealing head 3050 and the 
fixst outer sealing mandrel 3040 indudes one or more sealing members 3185 for 
fluididy sealing the interface between the second upper sealing head 3050 and 
the first outer sealing mandrd 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrd 3060 using any number of 

30 conventional commerdaQy available mechanical couplings such as, for example, 
drillpipe connection, oilfield countiy tubular goods specialty type threaded 
connection, ratchet-latch type Uireaded connection, or a standard threaded 
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connection. In a preferred embodiment, the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between Uie second upper sealing head 3050 and the second outer.sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fluididy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner 
sealing mandrel 3045 and the load mandrel 3065. The second lower sealing 
10 head 3055 is alao movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this manner, the first upper sealing head S030» first 
outer sealing mandrel 3040, second upper sealing mandrel 3050. second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
15 sealing head '3055 and the inner surface of the second outer sealing mandrel 
3060 xxiay range, for example, fiom about 0.0025 to 0.05 inches. In a preferred 
embodiment^ the radial clearance between the outer surface of the second lower 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges bom about 0.005 to 0.01 inches in order to optimally provide 
20 minimal radial clearance. 

The second lower sealing head 3055 prrferabt^ comprises an annular 
mecober having subatantiaUy qylindrical inner and outv surfaces. The second 
lower sealing head 3055 maiy be Cedtiricaited bom any number of conventional 
commercially available materials such as, for exanqile, oilfield countzy tubular 
25 goods, low aU<7 steel, carbon steel, stainless sted, or other similar h^ 

strength materials. In a preferred embodiment, the second lower sealing head 
3055 is fabricated from stainless steel in order to optimally provide hi gh 
strength, corrosion resistance, and low friction surfaces. The outer surface of 
the second lower sealing head 3055 preferably includes one or more annular 
30 sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and'the second outer sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional conunerdally 
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available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spnng.energized seal9. In a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Parka* Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any number of conventional commercially available 
mechanical coupling such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second Iowa* sealing head 3055 is 
10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fluididy sealing the 
interface between the second lower sealing head 3055 and the second inner 
15 sealing mandrel 3045. The sealing members 3215 may comprise any number of 
conventional commercially available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, Uie sealing members 3215 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long eodal strokes. 
20 The second lower sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type tlureaded connection, or a standard threaded connection. 
In a preferred embodiment, the second lower sealing head 3055 is removably 
25 coupled to the.loadmandrd 3065 a standard threaded Gonnecti Ina 
preferred embodimenti the mechanical coupling between the second lower 
sealing head 3055 and the load mandrel 3065 includes one or more sealing 
members 3220 for fluuHcfy sealing the interface between the second lower . 
sealing head 3055 and the load mandrel 3065. The sealing members 3220 may 
30 comprise any numbtf of conventional commerctaUy available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodimrati the sealing members 3220 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axis! 
stroke. 

In a preferred embodiment, the second lower sealing head 3055 includes 
a throat passage 3225 fluididy coupled between the fluid passages- 3100 and 
5 3105. The throat passage 3225 is preferably of reduced size and is adapted to 
receive and engage with a plug d2S0» or other similar device. In this manner, 
the fluid passage 3100 is fluididy isolated from the fluid passage 3105. In this 
manner, the pressure chambers 3175 and 3190 are pressurized. Furthermore, 
the placement of the plug 3230 in the throat passage 3225 also pressurizes the 
10 pressure chambers 31S0 of the hydraulic slips 3025. 

The second outer sealing mandrd 3060 is coupled to the second upper 
sealing head 3050 a^d the expansion cone 3070. The second outer sealing 
mandrd 3060 is also movab^ coupled to the ixmer surface of the casing 3075 
and the outer surface of the second lower sealing head 3055. In this manner, 
15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upper sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 redprocate in the axial direction. The radial dearance between the 
outer surface of the second outer sealing mandrd 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.026 to 0.375 inches. In a 
20 preferred embodiment, the radid dearance between the outer surface of the 
second outer sealing mandrd 3060 and the inner surface of the casing 3075 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The 
radial dearance between the inner surface of the second outer sealing mandrel 
25 3060 and the outer surface of the second lower sealing head 3055 may range, for 
example, from about 0.0025 to 0.05 inches, lii a preferred embodiment, the 
radial dearance between the inno* amrface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in order to optimally provide minifWAi radid 
30 dearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
member having substantially cylindricd inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in ordo* to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 3060 may be coujrfed to the second 
upper sealing head 3060 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 
10 oilfield country tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
3060 is removably coupled to the second upper sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrel 3060 may be coupled to 
the expansion cone 3070 using any number of conventional commercially 
15 available mechanical couplings such as, for example, drilipipe connection, 

oilfield country tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded connection. 
20 The first upper sealing head 3030, the iirst lower sealing head 3035, the 

first inner sealing mandrel 3020, and the first outer sealing mandrel 3040 
together define the first pressure chamber 3175. The second upper sealing head 
3050, the second lower sealing head 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060 together define the second 
25 pressure chamber 3190. The first and second pressure chambers, 3175 and 
3190, are fluidic<y coupled to the passages, 3095 and 3100, via one or more 
passages, 3115 and 3120. During operation of the apparatus 3000, the plug 
3230 engages with the throat passage 3225 to Quididy isolate the fluid passage 
3100 from the fluid passage 3105. The pressure chambers, 3175 and 3190, are 
30 then pressurized wfaidi in turn causes the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and expaixsion cone 3070 to reciprocate in 
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the azial direction. The axial motioQ of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, effectively multiplies the available driving 
force for the expansion cone 3070. 
5 The load mandrel 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment^ the load mandrel 3065 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 
15 using any numb» of conventional commerdally available mechanical couplings 
such as, for example, epoxy, cement, water, drilling mud, or lubricants. In a 
preferred embodiment, the load mandrel 3065 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrel 3065 preferably includes a fluid passage 3105 that is 

20 adapted to convey fluidic materials from the fluid passage 3100 to the r^on 
outside of the apparatus 3000. In a preferred embodiment^ the fluid passage 
3105 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons^unute. 

25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movably coupled to the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

30 The reciprocation of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction. 
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The expansion cone 3070 preferably comprises an annular member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 surface ranges from about 3 to 28 inches in order to optimaUy provide an 
expansion cone 3070 for expanding typical casings. The axial length of the 
expansion cone 3070 may range, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. In a preferred 
embodiment, the axial length of the expansion cone 3070 ranges from about 3 
10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
during the expansion process. In a particularly preferred embodiment, the 
maximum outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 wiU be 
15 joined with. In a preferred embodiment, the angle of attack of the expansion 
cone 3070 ranges frt>m about 5 to 30 degrees in order to optimal^ balance the 
frictionai forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of 
conventional conunerdally available materials such as, for example, machine 
20 tool steel, nitride steel, titanium, tungsten carbide; ceramics, or other similar 
high strength materials. In a preferred embodimenti the expansion oone 3070 
is fabricated from D2 machine tool steel in order to optimally provide hi^ 
strength and reaiatanoa to wear and galling. In a particularly preferred 
embodimenti the outdde surface of the expansion cone 3070 has a surface 
25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
hi^ str«igth and reaiBtanoe to wear and galling. 

The expansion oone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercial^ avaflable 
mechanical ooupUnga such aa, for example, drillpipe connection, oilfield country 
30 tubular goods spedaUy type threaded connection, ratchet-latch tgrpe connection 
or a standard threaded connection. In a preferred embodiment, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 

-210. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL0O/0024S 



Standard threaded connection in order to optimally provide higb strength and 
easy disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubular member. The 
5 casing 3075 may be fabricated from any number of conventional commercially 
available materiala such as. for ezamjde, slotted tubulars, oilfield countiy 
tubular goods, carbon steel, low aUoy steel, stainless steel, or other similar high 
strength materiab. In a preferred nnbodimmt, the casing 3076 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
10 steel mills in order to optimaUy provide hi^ strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 
indudes a thin wall section 3240 and an outer annular sealing member 3245. 
In a prefened embodiment,, the wall thickness of the thin wall section 3240 is 
about SO to 100 % of the regular waU thidmess of the casing 3075. In this 
15 manner, the upper end 3235 of the casing 3075 m^y be easily radiaUy expanded 
and deformed into intimate contact with the lower end of an existing section of 
wellbore casing. In a prrfecred embodimoit, the kmor end of the existing 
section of casing also indudes a thin wall section. In this manner, the radial 
expansion of the thin walled section 3240 of caaing 3075 into the thin waUed 
20 section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diametw. 

The annular sealing member 3245 may be fabricated from any number of 
conventional commerciaUy available sealing materials such as, for example. 
epoxy, rubber, metal or plastic In a preferred embodiment, ihe annular sealing 
25 member 3245 is fabricated from StrataLock epo^ in order to optimaUy provide 
compressibihV and wear resistance. The outside diameter of the annular 
sealing member 3245 preferably ranges from about 70 to 95 % of the inside 
diameto' of the lower section of the wellbore casing that the casing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing member 
30 3245 optimally provides a fluidic seal and also preferably optimally provides 
sufficient fridional force with the inside surface of the existing section of 
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wellbore casing during the radial expansion of tiie casing 3076 to support the 
casing 3075> 

In a preferred embodiment, the lower end S250 of the casing 3075 
includes a thin waU section 3255 and an outer annular sealing member 3260. 
5 In a preferred onbodiment, the wall thidness of the thin wall section 3255 is 
about 50 to 100 % of the regular waU thickness of the casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 3250 of the casing 3075 using a radial 
10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 3255 of the lower end 3260 of the casing 3075 results in 
a wellbore casing having a substantially constant inside diameter. 
15 The upper annular sealing member 3246 may be fabricated fh)m any 

number of conventional commercially available sealing »n«*iT iwl8 such as, for 
example, epoxy, rubber, metal or phistic. In a preferred embodiment, the upper 
annular sealing member 3245 La fabricated from Stratalot^ epaxy in order to 
optimally provide conqmssibility and resistance to wear. The outside diameter 
20 of liie upper annular sealing member 3245 prtferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the listing wellbore casing 
that the casing 3075 is joined to. In this manner, after radial eqwosion, the 
upper annular sealiiig member 3245 preferably providee a fhaidic seal and also 
preferably pravMes sufficient frictional fbroe with the inside wall of the 

25 wellbora during the radial expansion of the casing 3075 to support the casing 
3075. 

The lower annular sealing member 3260 may be fabricated from any 
number of conventional eommerdally available sealing ^JitT iflh such ss, for 
axamplet apoxy, rubber, metal or plastic In a prefenred embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epoiy in order to 
optimally provide compressibility and resistance to wear. The outside diameter 
of the lower annular sealing member 3260 preferably ranges from about 70 to 
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95 % of the inside diameter of the lower section of the eriating wdlbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 
member 3260 preferabfer provides a fluidic seal and also prefin^ly provides 
sufficient frictional force with the inside wall of the weUbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a 
wellbore with the upper end 3235 of the casing 3075 positioned in an 
overlapping relationship with the lower end of an existing weUbore casing. In a 
particularly preferred embodiment, the thin waU section 3240 of the casing 
10 3075 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. . In this numner, the radial expansion of the casing 3075 wiU 
compress the thin wall sections and annular compressible membm of the upper 
end 3235 of the casing 3075 and the lower end of the existing wdlbore casing 
15 into intimate contact Duringthepositioningof the apparatus 3000 in the 
weUbore, the casing 3000 is preferably supported by the expansion cone 3070. 

AftCT positioning the apparatus 3000, a first fluidic material is then 
pumped into the fluid passage 3080. The first fluidic nuterial may comprise 
any number of conventional commercially available materials such as, for 
20 example, drilling mud, water, epoxy, cement, slag mix or lubricants. In a 
preferred embodiment, the first fluidic matmal comprises a hardenable fluidic 
sealing material such as, for example, cement, epooQr, or slag mix in order to 
optimally provide a hardenable outer annular bo^y around the expanded casing 
3075. 

25 The first fluidic material may be pun^ied into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, fi^m about 0 to 4,500 
pai and 0 to 4,500 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging fit>m about 0 to 3,500 psi and 0 to 1,200 gallona^ninute in order 
30 to optimally provide operating efficiency. 

The first fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fluidic material then preferably fills the annular 
region between the outside of the apparatus 3000 and the interior walls of the 
wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 
3 3230 lodges in the throat passage 3225 and fluididty isolates and blocks off the 
fluid passage 3100. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 
10 A second fluidic material is then pumped into the fluid passage 3080. 

The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant. In a preferred embodiment, the second fluidic 
material comprises a non«hardenable fluidic material such as, for exanq>le, 
15 water, drilling mud, drilling gases, or lubricant in order to optimally provide 
pressiuization of the pressure chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for escample, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a prefetred embodiment, the second 
20 fluidic noaterial is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimal^ provide operationai efficiency. 

The second fluidic material pampei into the fluid passage 3080 passes 
throu^ the flmd passages 3086, 3090, 3095, 3100 and into the pressure 
25 chambers 8130 of the slips 3025, and into the pressure diambers 3175 and 
3190. Continuedpumiiingof the seomd fluidic material pressurizes the 
pressure chambers 3130, 3175, and 3190. 

The presBurization of the pressure chambers 3 130 causes the hydraulic 
slip members 3140 to expand in the radial direction and grip the interior 
30 surface of the caaing 3075. Theca8ing3075is then preferably maintained in a 
substantially stationary position. 
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The pressurizadon of the pressure chaznbers 3175 and 3190 cause the 
first upper sealing heiui 3030, first guter sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 
to move in an axial direction relative to the casing 3076. In this manner, the 
5 expansion cone 3070 will cause the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevmted from 
moving in an upward direction by the aUps 3025. A length of the casing 3075 is 
then expanded in the radial direction through the pressurization of the pressure 
10 chambers 3175 and 3190. The length of the casing 3075 that is expanded 
during the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030. first outer sealing mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the conq>letion of a stroke, the operating pressure of the second 
15 fluidie material is reduced and the first upper sealing head 3030. first outer 
sealing mandrel 3040, second upper sealing head 3060, second outer sealing 
mandrel 3060, and expansion cone 3070 drop to their rest positions with the 
casing 3075 supported by the expansion cone 3070. The reduction in the 
operating pressure of the second fluidie material also causes the spring bias 
20 3135 of the sUps 3025 to pull the sUp members 3140 awa^ from the inside walla 
of the casing 3075. 

The position of the drillpipe 3075 is preferabb' adjusted throughout the 
radial expansion process in order to maintain the overli4>ping relationship 
between the thin walled sections of the lower end (rf the existing wellbore casing 
25 and the upper end of the casing 3236. In a preferred embodiment, the stroking 
of the expansion cone 3070 ia then repeated, as necessary, until the thin waUed 
section 8240 of the upp» end 3235 of the casing 3076 ia expanded into the thin 
walled section of the lower end of the existing wdlbore casing. In this maim 61*1 
a wellbore casing is formed including two adjacent sections of casing having a 
30 substantially constant inside diameter. This process then be repeated for 
the entirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantially constant inside diameter. 
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In a preferred embodiment^ during the final stroke of the expansion cone 
3070, the slips 3025 ore positioned 9s dose as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimize slippage 
between the casing 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively, or in addition, the outside diameter of 
the upper annular sealing member 3245 is selected to ensure sufficient 
interference fit with the inside diameter of the lowar end of the Ayigfang casing 
to prevent axial displacraient of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower wnnii|nr sealing 
10 member 3260 is selected to provide an interference fit with the inside walls of 
the wellbore at an earlier point in the radial expansion prooesa so as to prevent 
further axial displacement of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
pulling the expansion oone 3070 out of the wellbore, without having to 
15 pressurize the pressure chambers 3175 and 3190. 

During the radial expanaion prooesa, Uie pressurized areaa of the 
apparatus 3000 are preferably limited to the fluid passages 3080» 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the sUps 
3025, and the pressure chambers 3175 and 3190. No fluid pressure acts directly 
20 on the casing 3075. This permits the use of operating pressures hif^er than the 
casing 3075 could normally withstand. 

Once the casing 3075 has been conqdetajy expanded off of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed from the 
wellbore. In a mefer r e d anbodiment, the contact presaure betwe«i the 
25 deiformed thin wall sfledoM and enmpKxwihlo ftnmilAy morwhoriy Mia ll>u^ 
end of the existing casing and the upper end 3235 of the casing 3075 ranges 
from about 400 to 10,000 psi in order to optimaQ7 support the casing 3075 
using the existing wellbore casing. 

In this manner, the casing 3075 is radial^ expanded into contact with an 
30 existing section of casing by pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 31ld, 3115, and 312Q, the pressure chambers 3130 of the sUps 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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In a preferred embodiment, as required, the aimular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
cured fluidic material prefmubly permeate and envelops the expanded casing 
5 3075. Theresultingnewsectionof weilbore casing indudes the expanded 
casing 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing weilbore casing and the expanded casing 3075 indudes the 
deformed thin waU sections and the compressible outer annular bodies* The 
inner diameter of the resulting combined weilbore casings is substantially 

10 constant In this manner, a mono-diameter weilbore casing is formed. This 
process of expanding overlapping tubular members having thi> wall end 
portions with compressible otwhIot bodies into contact can be repeated for the 
entisre length of a weilbore. In this manner, a mono-diameter weilbore casing 
can be provided for thousands of feet in a subterranean formation. 

15 In a preferred embodiment, as the expansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the apparatus 3000. In an 
alternative embodiment, the apparatus 3000 indudes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
mov^nent and velodty of the expansion cone 3070. In a preferred ^nbodiment» 

25 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 3070 during the 
return stroke* In a preferred embodiment, the stroke length of the apparatus 
3000 ranges from about 10 to 45 feet in order to optimally provide equipment 

30 that can be easily handled by typical oil well rigging equipmat and also 
minimize the frequency at whidi the apparatus 3000 must be re-stroked. 



• 217 . 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



In an alternative embodiment, at least a portion of one or both of the 
upper sealini: heads, 3030 and 3050, includes an expansion cone for radially 
expanding the casing S075 during operation of the apparatus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline to an existing section of pipcJine. Altemativeiy, the apparatus 3000 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
10 apparatus 3000 may be used to expand a tubular support member in a hole. 

Refarring now to Figure 21, an apparatus 3830 for isolating subterranean 
zones will be described. A wellbore 3305 including a casing 3310 are positioned 
in a subterranean formation 3315. The subterranean formation 3315 includes a 
number of productive and non-productive zones, including a water zone 3320 
15 and a targeted oil sand zone 3325, During exploration of the subterranean 
formation 3315, the weUbore 3305 may be extended in a weU known manner to 
traverse the various productive and non-productive zones, including the water 
zone 3320 and the targeted oil sand zone 3325. 

In a prefixed embodimrat, in order to fluididy isolate the watw zone 
20 3320 from the targeted oil sand zone 3325, an ^yparafcoa 3330 is provided that 
includes one or more sections of solid casing 3335, one or more external seals 
3340, one or more aectiona of slotted casing 3345, one or more intermediate 
sections of sdid casing 3350, and a solid shoe 3355. 

The solid casing 3335 msgr provide a fluid conduit that transmits fluids 
25 and other materials from one end of the solid casing 3335 to the other end of 
the solid casing S3S5. The solid casing 3335 nuy comprise any number of 
conventional oommerctaQy available sections of solid tubular casing such as, for 
example, oiffiddtiibular8fid>ricated from chromium steel or fiberglas^^ In a 
preferred embodimenti the solid caaiiag 3335 con^irfaes oilfield tubulars 

30 anrailable from various foreign and domestic steel mills. 

The solid caaing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 using any number of 
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conventional comznerdaUy available processes such as, for example, welding, 
slotted and expandable connectprs, .or expandable solid connectors. In a 
preferred embodiment^ the solid casing S335 is coupled to the casing 3310 by 
using expandable solid connectors. The solid casing 3335 may comprise a 
5 plurality of such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3346 
using any number of conventional oommerdally available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
opandable solid connectors. 

In a preferred embodiment, the casing.3335 includes one more valve 
members 3360 for controlling the flow of fluids and othe* m«fti»rifllff within the 
interior region of the casing 3335. In an alternative embodiment, during the 
15 production mode of operation, an internal tubular string with various 

arrangements of padcers, perforated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

20 In a particularly preferred embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the casing 3335 in the radial direction into 
intimate contact with the interior walls of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any number of conventional 
commercially available methods. In a preferred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of the processes and 
apparatus described within the presoit disclosure. 

The seals 3340 prevrat the passage of fluids and other mai^*Ai<y within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may oonqirise any number of conventional 

30 commerdaUy available sealing tnaf^nlfl suitable for sealing a casing in a 
wellbore such as, for examide, lead, rubbv or epoi^. In a prefmed 
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embodiment^ the seals 3340 comprise Stratalok epoxy material available from 
HalUburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas may be produced from a producing 

subterranean zone within a subtaranean formation. The slotted casing 3345 
may comprise any nxmiber of conventional commercially available sections of 
slotted tubular casing. In a preferred embodiment, the slotted casing 3345 
comprises expandable slotted tubular casing available from Petroline in 
10 Abeerdeen, Scotland. In a particularly preferred embodiment, the slotted 
casing 145 comprises e3q>andable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to the solid casing 3335 using 
15 any nximber of conventional commercially available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3345 is preferabfy coupled to one or more 
20 intermediate solid casin09 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any number of conventional commercially 
available processes such as* for example, welding or expandable solid or slotted 
connectors. In a prtfeiTed anbodimmt. the slotted casing 3345 is coupled to 
the intermediate solid casing 3S50 by expandable solid connectors. 
25 The last section of slotted casing 3345 is preferably coupled to the shoe 
3355. The last slotted casing 3345 may be coupled to the shoe 3355 using any 
number of conventional commercially avaflable processes such as, for example, 
welding or expandable solid or slotted ccmnectors. In a preferred embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 
30 connector. 

In an alternative embodiment, the shoe 3355 is coupled directly to the 
last one of the intermediate solid casings 3350. 
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Id a preferred ezxibodiment, the slotted casings 3345 are positioned 
within the wellbore 3305 by.eacgancUng the slotted casings 3345 in a radial 
direction into intimate contact with the interior walla of the weUbore 3305. The 
slotted fwringB 3345 may be expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the processes and apparatus disclosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate solid casing 3350 permits Ouids and other materials to 
10 pass between a4|acent slotted casings 3345. The intermediate solid casing 3350 
may convnae any number of conventional conunerdally available sections of 
solid tubular casing such as» for exan4>le, oilfield tubnlars fabricated from 
chromium steel or fiberglass. In a preferred embodiment, the intermediate 
solid casing 3350 comprises oilfield tubulars available from foreign and 

15 domestic steel mills. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional 
commercially available processes such as, for example, welding, or solid or 

20 slotted expandable connectors. In a preferred embodiment, the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intermediate solid casing 3350. 

In a preferred embodiment, each intmnediate solid casing 3350 includes 

25 one more valve members 3370 for controlling the flow of fluids and other 
materials within the intmor r^on of the intermediate casing 3350. In an 
alternative ^aabodiment, as will be recognized by persons having ordiaary skill 
in the art and the benefit of the present disclosure, during the production mode 
of ofmration, an int^ial tubular string with various arrangements of packers, 

30 perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating 
subterranean zones from each other while providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 3360 is 
placed into the wellbpre 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305, The intermediate casing 3350 may be escpanded in the radial direction 
5 using any number of conventional commerdaily available methods. 

In an alternative embodiment, one or more of the intermediate solid 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3340. 
The shoe 3355 provides a support member for the apparatus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 m^y comprise any number of conventional 
commercially available shoes suitable for use in a wellbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment^ the shoe 3350 comprises an aluminum shoe available from 
15 Halliburton. In a preferred embodiment, the shoe 8355 ia selected to provide 
sufficient strength in compression and tension to permit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment^ the i^paratus 3330 includes a 
plurality of solid casings 3335, a plurality of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More generally, the i^paratus 3330 may comprise one or more solid casings 
3335, each with one or more valve members 3360, n slotted casings 3345, n-1 
intermediate solid eaaings 3350, each with one or more valve members 3370, 
and a shoe 3355. 

25 During operation of the apparatus 3330, ofl and gas taaa^ be controUabiy 

produced from the targeted oil sand tone 3325 uaing the slotted casings 3345. 
The oil and gas m^ then be transported to a surface location using the solid 
ca3ing33S5. TheuseofintennediatesolidcasingBSSSO with valve membera 
3370 permits isolated sections of the zone 3325 to be selective^ isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluididy isolated from 
the zone 3320. ThfS seals 3340 fturtho* permits isolated sections of the zone 
3325 to be fluidic^y isolated from each other. In this manner, the apparatus 
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3330 permits unwanted and/or non-productive subterranean zones to be 
fluididy isolated. 

In an alternative embodiment, aa will be recognized by peraons having 
ordinary skill in the art and also having the benefit of the present-disclosure, 
S during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the ^>paratus to provide various options for 
commingling and isolating subterranean zones from each other while providing 
a fluid path to the surface. 
10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 includes a 
support member 3505, a mandrel 3510, a mandrd launcher 3515, a shoe 3520, a 
tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid passage 
15 3540, a second fluid passage 3545, a pressure diamber 3550, a third fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a 
releasable coupling 3600. 

The support member 3505 is coupled to the mandrel 3510. The support 
member 3505 preferably comprises an antiiiiaT member having sufficient 
20 strength to carry and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment, the support member 3506 further includes one or 
more conventional centralizers (not ilhistrated) to help stabilize the apparatus 
3500. 

The support member 3505 may oonqirise one or more sections of 
25 conventional commerdaQy available tubular m^t^Tials audi as, for example, 
oilfield country tubular goods, low alloy steel, stainless steel or carbon steel. In 
a preferred embodiment, the support member 3505 comprises coiled tubing or 
driUpipe in order to optimally permit the placement of the apparatus 3500 
within a non-vertical wellbore. 
30 In a preferred embodiment, the support member 3505 includes a first 

fluid passage 3540 for conveying fluidic mat4»rialfl from a surface location to the 
fluid passage 3545. In a preferred embodiment^ the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epozy 
or slag mix at operating pressures and flow rates ranging from about 0 to 
10,000 psi and 0 to 3,000 gallons/minute* 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher 
3515 and tubular member 3525. The mandrel 3510 is preferably adapted to 
controUably expand in a radial direction. The mandrel 3510 may comprise any 
niunber of conventional commercially available mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
10 embodiment, the mandrel 3510 comprises a hydraulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of whidi are incorporated 
herein by reference, modified in accordance with the of the present 

disclosure. 

In a preferred embodiment, the mandrel 3510 includes one or more 
15 conical sections for expanding the tubular member 3525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the conical sections of the 
mandrel 3510 have a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimaUy radially expand the tubular member 3525. 

In a preferred embodiment, the mandrel 3510 includes a second fluid 
20 passage 3545 fluididy coupled to the first fluid passage 3540 and the pressure 
chamber 3550 for conveying fluidic materials from the first fluid passage 3540 
to the pressure chamber 3550. In a prrferred embodiment* the second fluid 
passage 3545 la adapted to convey fluidic materials such as w^er, drilling mud, 
cementi epoqr or slag mix at operating pressurea and flow rates ranging fit)m 
25 about 0 to 12,000 psi and 0 to 3,500 gaflons/ininute in order to optim^ 
provide operating pressure for eflBcimt operation. 

The mandrel launch^ 3515 is coupled to Uie tubular member 3525, the 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably 
comprises a tapered Annniay member that m«***» with at a portion of at least 
30 oneof the conical portionaofthe outer surface of the mandrel 3510. In a 
prtf erred embodimmk, the wall thickness of the mandrel launcher is less than 
the waU thickness of the tubular member 3525 in order to facilitate the 
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initiation of the radial expansion process and fadiitate the placement of the 
apparatus in openings having tight clearances. In a preferred embodiment^ the 
wail thickness of the mandrel launcher 3615 ranges from about 50 to 100 % of 
the waU thickness of the tubular ma[iber 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optimally faciliate the radial expansion 
process and fadiitate the insertion of the ^paratus 3500 into wellbore casings 
and other areas with tight dearanoes. 

The mandrel launcher 3515 may be fabricated from any numb^ of 
conventional oonunerdally available materials sudi as, for example, oilfield 
10 country tubular goods, low alloy steel, carbon Bted or stainless steel. Ina 
preferred embodiment, the mandrd lamicher 3515 is fabricated from oilfield 
countiy tubular goods of higfaer strength by lower wall thi^'knm than the 
tubular member 3525 in order to optimally provide a sinaller container having 
approximate^ the same burst strength as the tubular member 3525. 
15 The shoe 3520 is coupled to tlie mandrd launcher 3515 and the 

releasable coupling 3600. The shoe 3520 preferably conqirises a substantially 
annular monber. In a preferred embodiment, the shoe 3520 or the rdeasable 
coupling 3600 indude a third fluid passage 3555 fluidic]y coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for exaDDq>le, cement filled, aluminum or composite 
modifiedinacoordanoe with the teachings of the present disdosure. Ina 
preferred embodimmt, the shoe 3520 comprises a high strength shoe having a 
burst strength approximately equal to the burst strength of the tubular 
25 member 3525 and mandrel launch^ 3515. The shoe 3520 is preferabfy coupled 
to the mud motor 3520 by a releasable coupling 3600 in orda to optinudly 
provide for removal of the mud motor 3530 and drill nit 3535 upon the 
completion of a driUing and casing operation. 

In a preferred embodiment, the shoe 3520 indudes a rdeasable latch 
SO mediamsm 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further tndudes an anti*rotatioA device 
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for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of tJbe apparatus 3900. In a preferred embodiment, the 
releasable latch mechanism S600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular member 3525 is expanded in the radial direction and 

extruded off of the mandrel 3510. The tubular member 3525 may be fabricated 
from any number of oonvoitional commercially available materials such as, for 
example. Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubin^casing, automotive grade steel, or plastic tubing/caaing. In a preferred 

10 embodiment, the tubidarniember 3525 is fabricated from OCTG in ordw to 
maximize strength after expansion. The inner and outer diameters of the 
tubular member 3525 may range, for example, from approximately 0.7S to 47 
inches and 1.05 to 48 inches, respective. In a preferred embodiment, the 
inner and outer diameters of the tubular member 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 inches, respectively in order to optimaUy provide 
minimal telescoping effect in the moat commonly drilled weUbore sizes. Hie 
tubular member 3525 prrferably comprises an antnilay member with solid 
walls. 

In a preferred aobodimoit, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perforated, or otherwise modified to catch or slow down 
the mandrel 3510 when the mandrel 3510 completes the extrusion of tubular 
member 3525. For tg^caltubularmonbcr 3525 materials, the length of the 
tubular member 3525 la preferab^ limited to between about 40 to 20,000 feet in 
length, llie tubular mfioiber 3525 may comprise a single tabular monber or^ 
25 alternatively, a fdurality of tubular m em ber s coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also fluidicty coupled to the fluid passage 3556. In a 
prefisxed anbodimttt* the mud motor 3530 is driven by fluidic materials such 
as, for example, drilling mud, water, cement, epo^qr, lubricants or slag mix 
30 conveyed from the fluid passage 3555 to the mud motor 3530. In this manner, 
the mud motor 3530 drives the drill bit 3535. The operating pressures and Qow 
rates for operating mud motor 3530 may range, for example, from about 0 to 
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12,000 psi and 0 to 10,000 gallona/ininute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,000 psi and 40 to 3,000 gallonsAninute. 

The mud motor 3530 may comprise any number of conventaonai 
5 commerdaUy available mud motors, modified in accordance with the teachm 
of the present disclosure. In a preferred embodiment^ the size of the mud motor 
3520 and driU bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
10 conclusion of the drilling and casing operations. 

The drill bit 3536 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530, In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional 
15 commercially available drill bits, modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
20 conclusion of the drilling and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, a bi- 
centered drill bit» or a small diameter drill bit with an faiydraulicaUy actuated 
under reamer. 

The first fluid passage 3540 permits Ouidie materials to be transported to 
25 the seoond fluid passage S54S, the pressure diamber 3550, the third Quid 
passage 3555, and the mud motor 3530. The first fluid passage 3540 is coupled 
to and positioned within the support member 3506. The first fluid passage 
3540 preferably extends from a position a4jacent to the surface to the second 
fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 preferably positioned along a centerline of the apparatus 3500. 

The second flui'd passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 
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passage 3555» and the mud motor 3530. The second fluid passage 3545 is 
coupled to and positioned within the mandrel 3510. The second fluid passage 
3545 preferably extends from a position adjacent to the first fluid passage 3540 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned substantiaUy along the centerline of the apparatus 3500. 

The pressure chamb^ 3550 permits fluidic material^ to be conveyed 
from the second fluid passage 3545 to the third fluid passage 3555, and the mud 
motor 3530. The pressure chamber is preferab^ defined by the region below 
the mandrel 3510 and within the tubular member 3525, mandrel launcher 
10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

apparatus 3500, presaurization of the pressure chamber 3550 preferably causes 
the tubular memb» 3625 to be extruded off of the mandrel 3510. 

The ttiird fluid passage 3555 permits fluidic materials to be conveyed 
from the pressure chamber 3550 to the mud motor 3530. The third fluid 
15 passage 3555 may be coupled to and positioned within the shoe 3520 or 

releasable coupling 3600. The third fluid passage 3555 preferably extends from 
a position a4jacent to the pressure chamber 3550 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3555 is preferably 
positioned substantially along the centerline of the apparatus 3500. 
20 The fluid passages 3540, 3645, and 3555 are preferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from aboutO to 3,000 gallona/kninute and 0 to 9,000 psi in order to 
optimally operational eflSdency. 

The axp seal 3560 ia coupled to and supported by the outer surface of the 
25 support membo* 3605. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubular member 3525. The cup seal 3560 
may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or SIP cups modified in accordance with the 
teadiings of the present disdosure. In a preferred embodiment, the cup seal 
30 3560 comprises a SIP cup, avaUable from Halliburton Energy Services in Dallas, 
TX in order to optimally block the entry of foreign materials and contain a body 
of lubricant In a preferred embodiment, the apparatus 3500 includes a 
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plurality of such cup seals in order to opdmally prevent the entry of foreign 
material into the intqior rc^on of the tubular member 3525 in the vidniiy of 
the mandrel 3510. 

In a preferred embodiment, a quantity of lubricant 3565 is provided in 
5 the annular region above the mandrel 3510 within the interior of ttie tubular 
member 3525. In this mann the extrusion of the tubular memba- 3525 off of 
the mandrel 3510 is fadUtated. The lubricant 3565 mc^ comprise any number 
of conventional commercially available lubricants such as, for example. 
Lubriplate. chlorine based hibricants, oil based lubricants or Climax 1500 
10 Antisieze (3100). In a preferred embodiment, the lubricant 3566 comprises 
Climax 1500 Antisieze (3100) available from Climax.Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimum lubrication to 
fadliate the expansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 
15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seab 3570 
permit the overlapping joint betwem the lower end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3570 may comi^ any number 
20 of conventional commerdally available seals such as, for example, lead, rubber. 
Teflon, or epoxy seals modified in accordance with the teachings of the present 
disdosure. In a preferred embodiment, the seals 3570 are molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas. TX in 
order to optimally provide a load bearing interference fit betweoi the end 3580 
25 of the tubular member 3525 and the end 3585 of the pre-eziating casing 3590. 
In a prefored embodiment, the seals 3570 are selected to optimaUy 
provide a suffidoit frictional force to sunmct the expanded tubular member 
3525 from the pre-existing casing 3590. In a preferred embodiment, the 
frictional force optimaUy provided by the seals 3670 ranges from about 1,000 to 
30 1,000,000 Ibf in order to optimally suppOTt the expanded tubular monber 3525. 
The rdeasaUe doupling 3600 is preferably releasably coupled to the 
bottom of the shoe 3520. In a preferred embodiment, the releasable coupling 
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3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disclosure. 

As illustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatiis 3600 is preferably initially positioned within a preexisting section of 
a wellbore 3575 including a preexisting section of wdlbore casing 3590. In a 
preferred embodiment^ the upper end portion 3580 of the tubular member 3525 
10 is positioned in an overle^tng relationship with the lower end 3585 of the 
preexisting section of casing 3590. In a preferred embodiment, the i4>paratua 
3500 is initially positioned in the wellbore 3575 with the drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial placement of the 
apparatus 3500 in the wellbore 3575, the tubular member 3525 is preferably 
15 supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 ia thm pumped into 
Uie first fluid passage 3540. The fluidic material 3595 ia preferably conveyed 
from the first fluid passage 3540 to the second fluid passage 3545, the pressure 
chamber 3550, the third fluid passage 3555 and the inlet to the mud motor 
20 3530. Thefluidicmaterial3595may comprise any number of conventional 
commercially available fluidic materials sudi as, for example, drilling mud, 
water, cement, epo^ or slag mix. The fluidic material 3595 may be pumped 
into the first fluid passage 3540 at operating pressuxea and flow rates ranging, 
for exanqile, firom about 0 to 9,000 pei and 0 to 3,000 gaUona/minute. 
25 The fluidic material 3595 will enter the inlet for the mud motor 3530 and 

drive the mud motor 3530. The fluidic material 3595 wiU then exit the mud 
motor 3530 and enter the Annnj^r region auzrounding the apparatus 3500 
within the wellbore 3575. The mud motor 3530 will in turn drive the drill bit 
3535. Theoperationof the drill bit 3535 will drill out a new section of the 
30 weUbore3575. 

In the case when the fluidic material 3695 comprises a hardenable 
fluidic material, the fluidic material 3695 preferably is permitted to cure and 
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form an outer annular body surrounding the periphery of the expanded tub\ilar 
member S525. Alternatively^ in the case where the fluidic material 3595 is a 
non-hardenable fluidic material, the tubular member 3595 preferably ia 
expanded into intimate contact with the interior walls of the wellbore 3575. In 
5 this manner, an outer anniJar body ia not provided in all applications. 

As illustrated in Figure 22C) at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause the operating pressure within the 
pressure chamber 3550 to elevate to the pressure necessazy to extrude the 
10 tubularmember 3525 off of the mandrel 3510. The elevation of the operating 
pressure within the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the niandrd 3510 as ittustratedm Figure 22D. For 
typical tubular members 3525, the necessary operating pressure may range, for 
example, firom about 1,000 to 9,000 pai In this manner, a wellbore casing is 

15 formed simultaneoua with the drilling out of a new section of wellbore. 

In a particularly prefmred embodiment^ during the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the vrellbore 3575 until the 
drill bit 3535 ia proximate the bottom of the wellbore 3575. Throughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 

20 The apparatus 3500 is then lowered until the drill bit 3535 is placed in contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the 
weight of the tubular member 3525 is supported by the drill bit 3535. 

The fluidic material 3595 ia then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 

25 3555, and the inlet of the mud motor 3530. The mud motor 3530 then drives 
the drill bit 3535 to drill out a new section of the wellbore 3575. Once the 
difiio-ential pressure across the mud motor 3530 exceeds the minimum 
extrusion pressure for the tubular member 3525, the tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular membv 3525 is 

30 extruded off of the mandrel 3510, the weight of the extruded portion of the 
tubular member 3525 is transferred to and supported by the drill bit 3535. In a 
preferred embodiment, the pumping pressure of the fluidic material 3595 is 
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maintained substantially constant throughout this process. At some point 
during the process of extruding the tubular member 3525 o£f of the mandrel 
3510, a sufBdent portion of the weight of the tubular member 3525 is 
transferred to the drill bit 3535 to stop the extrusion process due to the 
5 opposing force. Continued drilling by the driU bit 3535 eventually transfers a 
su£5cient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. At this point, the extrusion of the tubular 
member 3525 off of the mandrel 3510 continues. In thia manner, the support 
member 3505 never has to be moved and no drill|Hpe connections have to be 
10 made at the surface since the new section of the wellbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined witti the fully expanded 
tubular member 3525 is completed, the support manber 3505 and mandrel 
15 3510 are removed from the wellbore 3575. The drilling assembly including the 
mud motor 3530 and drill bit 3535 are then preferably removed by lowering a 
drillstring into the new section of wellbore casing and retrieving the drilling 
assemb^ by using the latch 3600. The expanded tubular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a solid 
20 annular sealing member around the periphery of the expanded tubular member 
3525. 

Alternative^, the i^paratus 3500 nu^ be used to repair or form an 
underground pipeline or form a support member for a structure. In several 
preferred alternative embbdimentsi the teachin0a of the apparatus 3500 are 

25 combined with the teadiingB of the onbodiments illustrated in Figures 1-21. 
For example, by operabfy oot^ling tihe mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular members 
of the embodimoits illustrated and described with reference to Figures 1-21, 
the use of plugs may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a preferred embodiment, the 
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apparatus 3700 includes a support member 3705, a packer 3710, a first fluid 
conduit 3715, aa annular fluid passage 3720, fluid inlets 3725, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740, a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, slips 3760, and seals 3765. In 
5 a preferred embodiment, the apparatus 3700 is used to radially expand the 
tubular member 3756. In this manner, the apparatus 3700 may be used to form 
a wellbore casing, line a iK^ellbore casing, form a pipeUne, line a pipeline, form a 
structural support m«iber, or repair a wellbore casing, pipeline or structural 
support member. In a prrferred embodiment^ the G^paratus 3700 is used to 
10 clad at least a portion of the tubular member 3755 onto a preexisting tubular 
member. 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel launcher 3750. The support member 3705 preferably comprises a 
tubular member fabricated from any number of conventional commercially 
15 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon sted, or stainless steel. The support member 3705 is 
preferably selected to fit throu^ a preexisting section of wellbore casing 3770. 
In this manner, the apparatus 3700 may be positioned within the wellbore 
casing 3770. In a preferred embodiment, the support member 3705 is 
20 releasably coupled to the mandrel launcher 3750. In Uus manner, the support 
member 3705 may be decoupled from the mandrel launcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first 
fluid conduit 3715, The packer 3710 preferably provides a fluid seal between 
25 the outside surface of the first fluid conduit 3715 and the inside surface of the 
support member 3705. In Uiis manner, the paxka 3710 preferably seals off 
and, in combination with the support member 3705, first fluid conduit 3715, 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of conventional commerdally 
30 available packers modified in accordance with the teachings of the present 
disclosure. 
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The first fluid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first fluid conduit 3715 prrfOTd>l7 comprises an annular 
member fabricated firom any number of conventional commerciaUy available 
materials such as, for example, oilfield countiy tubular goods, low alloy steel, 
5 carbon steel, or stainless steeL In a preferred embodiment, the first fluid 
conduit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
materials from the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 
10 second fluid conduit 3735. The annular fluid passage 3720 is preferabfy 
ad^>ted to convey fluidic materials such as oment, water, epoxy, lubricants, 
and slag mix at operating pressures and flow rates ranging firom about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimaUy provide 
operational efficiency. 
15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715. The fluid inlets 3725 preferabfy are adapted to conv^ fluidic 
materials such as cement, wato*, epoxy, lubricants, and slag mix at operating 
pressures and flow rates ranging fix>m about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efifidency. 
20 The annular seal 3730 is coupled to the first fluid conduit 3715 and the 

second fluid conduit 3735. The annular seal 3730 preferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fltiid conduit 3735. The ftnnnlfiy seal 3730 preferably 
provides a fluid seal between the intoior surface of the first fluid conduit 3715 
25 and the exterior suxface of the second fluid conduit 3735 during relative axial 
motion of the first fluid conduit 3715 and Uie second fluid conduit 3735. The 
annular seal 3730 may comprise any number of conventional commercially 
available seals such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the qnp"lor seal 3730 comprises a 
30 polypak seal available from Parker Seals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second iluid conduit preferably comprises a tubular 
member fabricated from any number of conventional cbnmierGially available 
materials such as, for example, coiled tubing, oilfield country tubular goods» low 
5 alloy sted, stainless steel, or low carbon steel In a preferred embodiment, the 
second fluid conduit 3735 is adapted to convey fluidic materials such as cement, 
water, epo^, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallona/nunute in order to 
optimaUy provide operational eCBciency. 
10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a preferred embodiment, the fluid passage 3740 is 
ad^ted to convey fluidic mat^als such as cement, water, epozy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
15 operational efiidenqy. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel laimcher 3750. The mandrel 3745 preferably comprise an annular 
member having a conic section fabricated from any number of conventional 
commercially available materials such as, for example, carbon steel, tool steel, 
20 ceramics, or composite materials. In a preferred embodiment, the angle of 
attack the conic section of the mandrel 3745 ranges fit>m about 10 to 30 degrees 
in order to optimally eq>and the mandrel laimcher 3750 and tubular member 
3755 in the radial direction. In a preferred embodiment, the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 
25 Rockwell C. In a particulai^ preferred milMMliment^ the surface hardness of 
the outer surface of the conic section of the mandrel 3745 ranges fit>m about 58 
Rockwell C to 62 RockwellC in order to optimaUy provide high yield strength. 
In an altmiative embodiment, the mandrel 3745 is expandable in order to 
further optimally augment the radial expanaion process. 
SO The mandrel launcher 3750 is coupled to the support member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrd launcher 3750 
preferably comprise a tubular member having a variable cross-sectioki and a 

- 235 - 

SUBSTITUTE SHEET (RULE 2«) 



wo wrr743i 



PCT/ILOO/00245 



reduced wall thicknRS» in order to facilitate the radial expanaion process. In a 
preferred anboduneati the .crqsf^s^onal area of the mandrd launcher STiSO at 
one end is adapted to mate with the mandrel 3745, and at the other end, the 
cross-eecttonal area of the mandrel launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodimenti the 
wall thickness of the mandrel launcher S750 ranges from about 50 to 100 % of 
the wall thlcknesa of the tubular member 3755 in order to facilitate the 
initiation of the radial expansion process. 

The mandrel launcher 3750 may be fabricated from any number of 
10 conventional commercially available mafayiala such aa, for example, oilfield 
country tubular goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel laundier 3750 is fabricated from oilfield 
country tubular goods having hi^er strength but lower wall thickness than the 
tubular member 3755 in ordw to optimally match the burst strength of the 

15 tubular member 3755. In a prrferred embodiment, the mandrel launcho* 3750 
is removabfy coapled to the tubular nmnber 3755. In thia manner, the mandrd 
launcher 3750 may be removed from the wellbore 3780 upon the completion of 
an extrusion operation. 

The tubular member 3755 ia ooui^ed to the mandrd launcher, the slips 

20 3760 and the seala 3765. The tubular monber 3755 prefoably conq^risea a 
tubular mmber fabricated from any number of conventional oommordally 
available materials audi as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3755 is fabricated from oilfield country tubular goods. 

25 The slipa 3760 are coupled to the outside surface of the tubular member 

3755. The slips 3760 preferably are adapted to oouide to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3755. In this mannv, the slips 3760 provide atructural support for the 
expanded tubular member 3755. The slips 3760 may eonqirise any numba of 

30 conventional conunerdaUy available slipa, modified in accordance with the 
teachings of the pcesoit diadosure. 



-236- 

SUBSmUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/0024S 



The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seala 3765.prrferably prqvide a fluidic seal between the outside 
smrface of the expanded tubular member 3755 and the interior walb of a casing, 
p^)eline or other structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may comprise any number of 
conventional commercial^ available seals such as, for example, lead, rubber, 
Teflon or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3765 comprise seals molded 
10 from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a hydraulic seal in the overli^pping joint and 
optimally provide load carrying c^>aci1y to withstand the range of typical 
tensile and compressive loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 
15 lowered into a wellbore 3780 having a preexisting section of wellbore casing 
3770. In a preferred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular member 3755 overlapping with a portion of the 
wellbore casing 3770. In this manner, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubular 
20 member 3755 to couple with the inside surface of the wellbore casing 3770. In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the intmor surface of 
the wdlbore casing 3770* In this manner, the expanded tubular member 3755 
is provided with enhanced structural support fay the slips 3760 and an enhanced 
25 fluid seal by the seals 3765. 

As illustrated in FIG. 23B, after placemait of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 
13 preferably pumped into the chamber 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a preferred embodiment, the fluidic material is 
30 pumped into the chamber 3775 at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallona/niinute in order to optimally 
provide operational eCBcincy. The pumped fluidic material 3785 inmase the 
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operating pi^sure within the chamber 3775. The increased operating preaanre 
in the chamber 3775 then causes tiie xnandrel 3745 to extrude the mandrel 
lamicher 3750 and tubular member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel launcher 3750 and tubular member 3755 off of 
5 the face of the mandrel 3745 causes the mandrel launcher 3750 and tubular 
member 3755 to expand in ihe radial direction. Continued pumping of the 
fluidic matmal 3785 preferably causes the entire length- of the tubular member 
3755 to expand in the radial dsrection. 

In a preferred embodiment^ the pumping rate and pressure of the fluidic 

10 material 3785 ia reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3700* In a preferred embodiment^ the 
apparatus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a prefinrred embodiment^ the extrusion process causes the mandrel 

15 3745 to move in an axial direction 3785. During the axial movement of the 
mandreU in a preferred embodimenti the fluid passage 3740 convq^ fluidic 
material 3790 displaced by the moving mandrel 3745 out of the wellbore 3780. 
In this manneTp the operational efficiency and speed of the extrusion process is 
enhanced. 

20 In a preferred embodiment» the extrusion process indudes the injection 

of a hardenable fluidic matetiai into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided between the expanded tubular member 3755 and the intmor waUs 
of the wellbore 3780. 

25 As illustzaied in FIG. 28C. in a preferred embodiment, upon the 

completion of the extruaion process, the support member 3705, packer 3710, 
first fltud conduit 3715, annular seal 3730, second Quid conduit 3735, mandrd 
3745, and mandrel laxmcher 3750 are moved from the wellbore 3780. 

In an alternative embodiment, the sqyparatus 3700 is used to repair a 

30 preexisting wellbore casing, pipeline, or structural support. In this altonative 
embodiment, both ends of the tubular member 3755 preferably include slips 
3760 and seals 3765. 
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In an alternative embodiment, the apparatus 3700 is used to fonn a 
tubular structural support for a building or of&hore structure. 

Referring now to PIGS. 24A, 24B, 24C, 24D. and 24B, an apparatus 3900 
for expanding a tubular member will be described. In a prefOTed-embodiment, 
5 the apparatus 3900 includes a support member 3905, a mandrel launcher 3910, 
a mandrel 3915, a first fluid passage 3920, a tubular member 3925, slips 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. Inapreferred 
embodimrat, the apparatus 3900 is used to radially expand the mandrel 
launcher 3910 and tubular member 3925. In this manner, the apparatus 3900 
10 maybeusedto formaweUborecasin&lineaweUboreca^ 

line a pipeline, form a structural support member, or rqpair a wellbore casing, 
pipeline or structural support member. In a preferred embodiment, the 
apparatus 3900 is used to dad at least a portion of the tubular member 3925 
onto a preexisting structural member. 
15 The support membw 3905 is preferably coupled to the mandrel launcher 

3910. The support member 3905 preferably comprises a tubular member 
fabricated from any number of conventional commerdaUy available matuHyja 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
or stainless steel. The support member 3905, the mandrel launcher 3910, the 
20 tubular member 3925, and the shoe 3940 axe prefmibly selected to fit through a 
preexisting section of wellbore casing 3950. In this manner, the apparatus. 3900 
m^ be positioned within the wellbore casing 3970. In a preferred embodiment, 
the support member 9905 is releasab^r coupled to the mandrel launcher 3910. 
In this manner, the support memb^ 3905 may be decoupled from the mandrel 
25 launcher 3910 upon the completion of an extrusion operation. 

The mandrel laundia 3910 is coupled to the support monb® 3905 and 
the tubular mem!>er 3925. The mandrel launcher 3910 preferably comprise a 
tubular member having a variable cross-section and areduced wall thickness in 
order to facilitate the radial expansion process. In a preferred embodiment, the 
30 cross-sectional area of the mandrd launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the cross-sectional area of the 
mandrel launcher 3910 is adapted to match the cross-sectional area of the 
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tubular member 3925. In a preferred embodiment, the wall thickness of the 
mandrel launcher 3910 rangea from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in ordCT to facilitate the initiation of the radial 
expansion process. 

5 The mandrel launcher 3910 m^y be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, ot carbon steel. In a 
preferred embodiment, themandrel launcher 3910 is fabricated from oilfield 
country ttibular goods having higher strength but lower wall thickness than the 
10 tubular niember 3925 in order to optimally noatch the burst strength of the 
tubular member 3925. In a preferred embodiment, the mandrel laimcher 3910 
is removably coupled to the tubular monber 3925. In this manner, the mandrel 
launcher 3910 may be removed fit>m the wellbore 3960 upon the completion of 
an ertrusion operation. 

15 The mandrel 3915 is coupled to the mandrd launcher 3910. The 

mandrel 3915 preferably comprise an annular member having a conic section 
fabricated from any number of oonv«itional commercial]^ available materiab 
such as, for example, tool steel, carbon sted, ceramics, or composite materials. 
In a preferred embodiment, the an^e of attack of the conic section of the 

20 mandrel 3915 ranges from about 10 to 30 degrees in order to optimally expand 
the mandrel launcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodiment, the surfSice hardness of the conic section 
of the mandrel 3915 ranges from about 58 to 62 Rockwell C in order to 
optimally provide high strength and resist wear and galling. In an alternative 

25 embodiment, the mandrel 3915 is expandable in order to further optimally 
augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epo^, lubricants, and slag mix at operating pressures and flow rates 

30 ranging from about 0 to 9,000 pst and 0 to 3,000 gaUonfi^ninute in ord^ to 
optimally provide operational efficiency. The fluid passage 3920 preferab^ 
includes an inlet 3965 adapted to receive a plug, or other similar device. In this 
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maimer, the interior chaznb^ 3970 above the mandrel 3915 may be fluididy 
isolated from the interior chamber 8975 beiow the mandrel 3915. 

The tubiilar member 3925 is coupled to the mandrel launcher 3910, the 
slips 3930 and the seals 3935. The tubular m^nber 3925 preferaUty comprises a 
5 tubular member fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3925 is fobricated from oilfield country tubular goods. 

The slips 3930 are coupled to the outaide surface of the tubular member 
10 3925. The slips 3930 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, the slips 3930 provide structural support for the 
expanded tubular member 3925. The slips 3930 may comprise any number of 
conventional commerdaUy available slips, modified in accordance with the 
15 teachings of the present disclosure. 

The seals 3935 are coupled to the outside smf ace of the tubular member 
3925. The seals 3935 preferabfy provide a fluidic seal between the outside 
surface of the expanded tubular merobn 3925 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
20 3925. In this manner, the seals 3935 provide a fluidic seal for the npanded 
tubular member 3925. The seals 3935 may conqirise any number of 
conventional oonunercial^ available seals such as, for example, lead, rubber or 
epoxy. In a preferred embodiment, the seals 3935 comprise Stratalok epoxy 
material available from Hallibinrton Energy Sovices in order to optimally 
25 provide structural support for the typical tensile and compressive loads. 

The shoe 3940 ia coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantial^ tubular member having a fluid passage 
3945 for conveying fluidic materials from the chambw 3975 to the annular 
region 3970 outside of the apparatus 3900. The shoe 3940 may comprise any 
30 number of conventional commercially available shoes modified in accordance 
with the teachings . of the present disdosure. 
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DuriQg operation of the apparatus 3900, the apparatus 3900 is preferably 
lowered into a wellbore. 3960. haying a preexisting section of wellbore casing 
3975. In a preferred embodiment, the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overlapping with a portion of the 
5 wellbore casing 3975. In this manner, the radial expansion of the tubular 
member 3925 will preferably cause the outside surface of the expanded tubular 
member 3925 to couple with the inside surface of the wdlbore casing 3975. In a 
preferred mbodiment^ the radial expansion of the tubular member 3925 will 
also cause the slips 3930 and seals 3935 to engage with the interior siurface of 
10 the wellbore casing 3975. In this manner, the expanded tubular member 3925 
is provided with enhanced structural support by the slips 3980 and an enhanced 
fluid seal by the seals 3935; 

As iflustarated in PIG. 24B, after placement of the apparatus 3900 in an 
overtyping relationship with the wellbore casing 3975, a fluidic material 3980 
15 is preferably pumped into the chamber 3970. The fluidic material 3980 then 
passes throui^ the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, throuf^ the fluid passage 
3945, and into the annular region 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressures and flow 
20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 galloos/minute in order 
to optimally provide operational efiBdenqy. In a preferred embodiment, the 
fluidic material 3980 comprises a hardenable fluidic sealing material in order to 
form a hardened outer annular member around the expanded tubidar member 
3925. 

25 As illustrated in FIG. 24C, at some later point in the process, aball 3985, 

plug or other similar device, is introduced into the pumped fluidic material 
3980. In a preferred embodimrat» the ball 3986 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, the cfaambor 3970 is 
fluidicfy isolated from the chamber 3975. 

30 As iUustrated in FIG. 24D, after placement of the baU 3985 in the inlet 
3965 of the fluid passs^ 3920, a fluidic material 3990 is pumped into the 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute in ord^ to provide optimal operating ef&dency. 
The fluidic material 3990 may comprise any number of conventional 
commercially available materials such as, for example, water, drilling mud, 
5 cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 
3990 comprises a non-hardenable fluidic matmal in order to maximize 
operational effidenqr. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressure within the chamber 3970. The increased 
10 operating pressure in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical 
face of the mandrel 3915. The extrusion of the mimdrel Iwmthff 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel lau^icher 3910 and tubular member 3925 to expand in the radial 
15 direction. Continuedpun4>ingof the fluidic material 3990 preferably causes the 
entire length of the tubular member 3925 to expand in the radial direction. 

In apreferred embodiment, the pumping rate and iveasure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3900. In a preferred embodiment, the 
20 apparatus 3900 indudea shock absorbers for absorbing the shock caused by the 
conc^detion of the extrusion process. In a preferred embodiment, the extrusion 
process causes the mandrel 3915 to move in an axial direction 3995. 

As illustrated in FIG. 24E, in a fmeferred embodiment, upon the 
completion of the extrusion process, the 8un>ort member 3905, packer 3910, 
25 first fluid conduit 3915, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcher 3950 are removed from the weUbore 3980. In a 
preferred embodiment, the resulting new section of wellbore casing includes the 
preexisting weUbore casing 3975, the expanded tubular monber 3925, the slips 
3930, the seals 3935, the shoe 3940, and an outer nntniiftr l^yer 4000 of 
30 hardened fluidic material 



-243- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



In an alternative embodiment, the apparatus 3900 ia used to repair a 
preexisting wdljbore casing or pipeline. In this alternative embodiment^ both 
ends of the tubular member 3955 preferably include shps 3960 and seals 3965. 

In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or offshore structure. 

Referring to FIGS. 25 and 26» the optimal relationship between the angle 
of attack of an expansion mandrel and the minimally required propagation 
pressure during the expansion of a tubular member will now be described. As 
iUustrated in FIG. 25, during the radial expansion of a tubular member 4100 by 
10 an expansion mandrel 4105, the expansion mandrd 4105 is displaced in the 
axial direction. The angle of attack o of the conical surface 4110 of the 
expansion mandrel 4105 directly affects the required propagation pressure Ppg . 
neoessaxy to radially expand the tubular member 4100. Referring to PIG. 26, 
for lypical grades of materials and tyiMcal geometries, the propagation pressure 
15 PpR is minimized for an angle ofattack of approximately 25 degrees. 

Furthermore, the optimal range of the angle of attack a ranges ttom about 10 to 
30 degrees in order to minimize the range of required ttimtmiim propagation 
pressure Ppn* 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable threaded connection 
4300 preferab^ includes a first tubular member 4305, a second tubular member 
4310, a threaded connection 4315, an O-ring groove 4320, and an O-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an 
outside wall 4335. The first tubular memb^ 4305 preferably comprises an 
25 annular member having a ftiiK^ttantanny ^nnafant mill ilifrlm^ The second 

tubular member 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an annular memb^ 
having a substantially constant wall thickness. 

The first and second tubular members, 4305 and 4310, may comprise any 
30 numberof conventional commercially available monbera. In a preferred 
embodiment, the inside and outside diameters of the first and seoond tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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Strength of the tubular members, 4305 and 4310, are aubstantiaU^ equal This 
min i Tniz cB the possibility oC 9 catastrophic failure during the radial expansion 
process* 

The threaded connection 4315 may comprise any number of 
5 conventional threaded oinnections suitable for use with tubular member In a 
preferred embodiment, the threaded connection 4315 comprises a pin*and-boz 
threacted connection. In this manner, the asamobly of the first tubular member 
4305 to the second tubular member 4310 is optimized* 

The O-ring groove 4320 is pref^tJbly provided in the threaded portion of 
10 the interior wall 4340 ofthe second tubular member 4310. The 0-ring groove 
4320 is preferabty adi^ted to receive and suppcnt one or more O-rings. The 
volumetric size of the O-ring groove 4320 is preferably selected to permit the O- 
ring 4325 to expand at least approximately 20% in the axial direction during the 
radial expansion process. In this manner, deformation of the outer surface 
15 4345 of the second tubular member 4310 during and upon the completion of the 
radial expansion process is minimized. 

The Oring 4325 is supported by the O-ring groove 4320. The O-ring 
4325 optimally ensures that a fluid-tight seal is maintained between the first 
tubular member 4305 and the second tubular member 4310 throughout and 
20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodimmt of an expandable 
threaded connection 4600 wiU now be described. The expandable threaded 
connection 4500 includes a first tubular member 4505, a second tubidar 
member 4510, a threaded connection 4515, an O-ring groove 4520, and an O- 
25 ring 4525* 

The first tubular modber 4505 includes an inside wall 4530 and an 
outside wall 4535. The first tubular member 4305 preferably comprises an 
annula r member having a substantiaUy constant wall thickness. The second 
tubxdar member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferabfy oompriaes an ftnnidw member 
having a substantially constant waU thickness* 
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The first and second tubular members, 4505 and 4510, may comprise any 
number of conventaonfd commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strength of the tubular members, 4505 and 4510, are substantial^ equal. This 
minimizes the possibility of a catastro|duc faflure during the radial expansion 
process. 

The threaded connection 4515 may comprise any ntmaber of 
conventional threaded connections suitable for use writh tubular mexnbers. In a 
10 preferred embodiment, the threaded connection 4515 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4505 to the second tubular member 4510 is optinuzed. 

The 0*ring groove 4520 is preferably provided in the threaded portion of 
the interior wall 4540 of the second tubular member 4510 immediately adjacent 
15 to an end portion ofthe threaded connection 4515. In this manner, the sealing 
effect provided by the O-ring 4525 is optimized. The 0-ring groove 4520 is 
preferably adapted to receive and support one or more O-rings. The volumetric 
size of the O^ing groove 4520 is preferably selected to permit the O-ring 4525 
to expand at least approximately 20% in the axial direction dining the radial 
20 expansion process. In this manner, deformation of the outer surface 4545 of the 
second tubular member 4510 during and upon the completion of the radial 
expansion process is minimized. 

The O-ring 4525 is supported by the O-ring groove 4520. The O-ring 
4525 optimally ensures that a fluid-tigfat seal is maintained between the first 
25 tubular member 4505 and the second tubular member 4510 throughout and 
upon the completion of the radial expansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described. The expandable threaded 
connection 4700 includes a first tubular member 4705, a second tubular 
30 member 4710, a threaded connection 4715, an 0»ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 iocludes an inside wall 4735 and an 
outside waU 4740. The first tubjolat member 4705 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4710 indudes an inside wall 4745 and an outside-wall 4750. 
5 The second tubular member 4710 preferab^ comprises an annular member 
having a substantially constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional oommerdaUty available members. In a prefored 
embodiment) the inside and outside diameters of the first and second tubular 
10 members, 4705 and 4710, are substantially equaL In this manner, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4715 may comprise any number of 
15 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4715 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4705 to the second tubular member 4710 is optimized. 

The 0-ring groove 4720 is preferabfy provided in the threaded portion of 
20 the interior wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded connection 4715. In this manner, the sealing 
efifect provided by the O-ringa, 4725 and 4730, is optimized. The O-ring groove 
4720 ia preforab^ ad^ited to recdve and support a plurality of O-rings. The 
volumetric size of the O-ring groove4720 is prrferably selected to permit the O- 
25 rings, 4725 and 4730, to expand at least ai^prozimately 20% in the ^ ti^I 

direction during the radial expansion process. In this manner, deformation of 
the outer surface 4750 of the second tubular member 4710 during and upon the 
completion of the radial expansion process is iwinifniT.ii€i 

The O-rings, 4725 and 4730, are suj^xirted by the O ring groove 4720. 
30 The pair of O-rings, 4725 and 4730, optimally ensure that a fluid-ti^t seal is . 
maintained between the first tubular member 4705 and the second tubular 
member 4710 throughout and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent 0-rings provides redundancy 
in the seal between the. Gist tiibuiar member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 will now be described. The expandable threaded 
connection 4900 includes a first tubular member 4905, a second tubiilar 
member 4910, a Uireaded connection 4915, a first 0-ring groove 4920, a second 
0*ring grove 4925, a first O-ring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 

10 outside wall 4945. The first tubular member 4905 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 4910 preferably comprises an annular member 
having a substantially constant wall thickness. 

15 The first and second tubular members, 4905 and 491D, may comprise any 

number of conventional commerdaUy available tubular membm. In a 
preferred embodiment^ the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially equal. 

20 This minimizes the possibility of a catastrophic fiailure during the radial 
expansion process. 

The threaded connection 4915 may comprise any number of 
conventional threaded connections suitable for use with tubidar members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 

25 threaded connection. In this manner, the assembly of the first tubular member 
4905 to the second tubular member 4910 is optimixed. 

The first O-ring groove 4920 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated firom an end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

optimized The first 0-ring groove 4920 is preferably adaptf^ to receive and 
support one more O-ringa. The volumetric size of the first O-ring groove 4920 
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is preferably selected to permit the O-ring 4930 to expand at least 
approximate 20% iA the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 
member 4910 during and upon the completion of the radial expansion process is 
5 minimized. 

The second 0*ring groove 4925 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 ^ h^% is 
immediately a4iaoent to an end portion of the threaded connection 4915. In 
this manner, the sealing effect provided fay the O-rings, 4930 and 4935, is 

10 optimized. The second O-ring groove 4925 is preferably adiq^ted to receive and 
support one more O-ringB. The volumetric size of the second O-ring groove 
4925 is preferably selected to permit the 0-ring 4935 to expand.at least 
approximate 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and iqpon the completion of the radial expansion process is 
minimized* 

The 0*ringa, 4930 and 4935, are supported fay the 0-ring grooves, 4920 
and 4925. The use of a pair of O-rings, 4930 and 4935, that are axiaUy 
separated optimally ensures that a fluid-tigfat seal is maintained between the 

20 first tubular member 4905 and the second tubular meinber 4910 throu^out 
and upon the completion of the radial expansion process. In particular, the use 
of a pair of O-rings provides redundancy in the seal between the first tubular 
member 4905 and the second tubular member 4910. 

In a preferred ^nbodiment, the expandable threaded connections 4300, 

25 4500, 4700, and/or 4900 are used in combination with one or more of the 

embodiments illustrated in FIGS. 1-24E in order to optimally expand a plurality 
of tubular members coupled end to end using the expandable threaded 
connections 4300, 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes installing a tubidar Uner and a 
mandrel in the borehole. A body of fluidic matmal is then iAjected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off 
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of the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing materia] into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrel. The method preferably 
5 includes fluidicly isolating the fturniliw region firom the interior region before 
injecting the second quantity of the non hardwable sealing material into the 
interior region. The iiyecting the hardenable fluidic sealing material is 
preferably provided at operating pressures and flow rates ranging from about 0 
to 5000 psi and 0 to 1.500 gallons/min. The iiuecting of the non hardenable 
10 fluidic material is preferably provided at operating pressures and flow rates 
ranging fit)m about 500 to 9000 psi and 40 to 3,000 gallona/knin. The ii^ecting 
of the non hardoiable fluidic material is prrferably provided at reduced 
operating pressures and flow rates during an end portion of the extruding. The 
non hardenable fluidic material is preferably injected below the mandrel The 
15 method preferabfy includes pressurizing a region of the tubular liner below the 
mandrel. The region of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 500 to 9»000 psi. The method 
preimblj includes fluididy isolating an interior region of the tubular liner 
from an exterior region of the tubular liner. The method further preferably 
20 includes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing material located within the tubular liner. The method 
further preferably includes overlapping the tubular liner with an existing 
wellbore casing; The method ftarther preferab^ includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 
25 preferably indudea supporting the extruded tubular liner using the overlap 
with the existing wellbore casing. The method furtho* preferably indudes 
testing the integrity of the seal in the overlap between the tubidar liner and the 
existing wellbore casing. The method further preferably indudes removing at 
least a portion of the hardenable fluidic sealing material within the tubular 
30 liner before curing. The method further preferably indudes lubricating the 
surface of the mandrel. The method further preferably indudes absorbing 
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shock. The method further preferably indudes catching the man 
completion of the extruding.^ 

An apparatus for creating a casing in a borehole located in a 
subterranean formation has been described that indudes a support member, a 
5 mandrel, a tubular member, and a shoe. The support member indudes a first 
fluid passage The mandrel is coupled to the support member and indudes a 
second fluid passage. The tubular memJber is coupled to the mandrel The shoe 
is coupled to the tubular liner and indudes a third fluid passage. Thefirst^ 
second and third fluid passages are operabfy coupled. The support member 
10 preferably further indudee a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure relief passage. The support 
member further preferably indudes a shock absorber. The support member 
preferab^ indudes one or more sealing members adapted to prevent foreign 
material from entering an interior region of the tubular member. The mandrel 

15 is preferably expandable. The tubular moober is preferab^ fiabricated from 
materials sdected from the group consisting of Oilfield Country Tubular Goods, 
13 chromium steel tubing/casing, and plastic casing. The tubular member 
preferably has inn«r and outer diameters ranging from about 3 to 15.5 inches 
and 3.5 to 16 inches, respecti v e. The tubular member preferably has a plastic 

20 yield point ranging fit>m about 40,000 to 135,000 psi. The tubular member 
preferably indudes one or more sraling members at an end portion. The 
tubular member preferably indudes one or more pressure relief holes at an end 
portion. The tubular member prtferably indudee a catching member at an end 
portion for slowing down the mandrd. The shoe preferably indudes an inlet 

25 port coupled to the third fluid passage, the inlet port adapted to receive a plug 
for blocking the inlet port. Hie shoe preferably is driUable. 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having an inner diameter greater than an out^ 
diameter of the second tubular member, has been described that indudes 

30 positioning a mandrd within an interior region of the second tubular member, 
positioning the first and second tubular membars in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member, and extruding the second tubular member off of the mandrel into 
engagement with the first tubutor member. The pressurizing of the portion of 
the interior region of the second tubular member is preferably provided at 
operating pressures ranging firom about 500 to 9,000 psL The presfiurizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably inchides sealing the ov^lap between 
the first and second tubular membesrs. The method further preferably includes 
supporting the extruded first tubular member using the overlap with the second 
10 tubular member. The method further |H«ferably includes lubricating the 
surface of the mandrel. The metiiod further preferably indudes absorbing 
shock. 

A liner for use in creating a new section of wellborecasingina 
subterranean formation adjacent to an already existing section of wellbbre 
15 casing has been described that includes an annular member. The annular 
member includes one or more sealing members at an end portion of the annular 
member, and one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing has been described that includes a tubular liner and an 
20 annular body of a cured fluidic sealing material. The. tubular liner is formed by 
the process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel 
within the wellbore, and pressurizing an interior portion of the tubular liner. 
The annular bod^ of the cured fluidic sealing material is preferably formed by 
25 the process of in|ecting a bo<^y of hardenable fluidic sealing material into an 
annular region external of the tubular liner. During the pressurizing, the 
interior portion of the tubular liner is preferably fluiilic|y isolated firom an 
exterior portion of the tubular liner. Tlie interior portion of the tubular liner is 
preferably pressurized to pressures ranging firom about 500 to 9,000 psi. The 
30 tubular liner preferably overlaps with an oisting weUbore casing. The wellbore 
casing preferably fiuther includes a seal positioned in the overlap between the 
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tubular liner and the existing weilbore casing. Tubular liner is preferably 
supported the oyerh^ Mdth ^e.eziatin^ wedlbore casing* 

A method of repairing an (mating section of a weilbore casing within a 
borehole has been described that includes installing a tubular liner-and a 
5 mandrelwithin the weilbore casingi injecting a body of a fluidic mate 

the borehole, pressurizing a portion of an interior region of the tubular liner, 
and radially expanding the lin« in the borehole by extruding the liner off of the 
mandreL In a prefenred embodiment, the fluidic matmal is sdected from 
group consisting of slag mix, cement^ drilling mud» and eposy. In a preferred 
10 embodiment^ the method further includes fluidiciy isolating an interior region 
of the tubular liner from an exterior region of the tubular UnCT. In a preferred 
. embodiment, the iiuecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 pst and 40 
to 3,000 gallona^nin. In a preferred embodimrat» the ixqecting of the body of 
15 flm'dic material is provided at reduced operating pressures and flow rates 
during an end portion of the extruding. In a preferred embodiment^ the Ouidic 
material is izqected below the mandrd. In a preferred embodiment, a region of 
the tubular liner below the mandrol is pressurized* In a preferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 
20 ranging from about 500 to 9,000 psi. In a preferred embodimwt, the method 
further includes overlapping the tubular liner with the existing weilbore casing. 
In a preferred embodtment, the method further includes sealing the interface 
between the tubular liner and the existing weilbore casing. In a preferred 
embodiment, the method further includes supporting the extruded tubular liner 
25 using the imflting weilbore casing. In a preferred embodiment, the method 
further indudes testing the integrity of the seal in the interface between the 
tubular liner and the existing weilbore casing* In a preferred embodimait, 
method further includes lubricating the siuface of the mandrd. In a preferred 
embodiment, the method further includes absorbing shock. In a preferred 
30 embodiment, the method further includes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment^ the method further 
includes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular, body of a cured fluidic sealing 
material* The tubular liner is formed by the process of extruding the tubular 
liner oflT of a mandrel. The annular body of a cured fluidic sealing material is 
5 coupled to the tubular liner. In a preferred embodiment, the tubular liner is 
formed by the process of placing the tubular liner and mandrel within the 
wellbore, and pressurizing an interior portion of the tubular liner. In a 
preferred embodiment, during the pressurizing, the interior portion of the 
tubular liner is fluididy isolated from an extmor portion of the tubular liner. 
10 In a preferred embodimeot, the interior portion of the tubular liner is 

pressurized at pressures ranging from about 500 to 9,000 psL Inapreferred 
embodimoit, the annular body of a cured fluidic sealing material is formed by 
the process of iiyecting abo^y of hardenable fluidic sealing material into an 
annular r^on between the gristing wellbore casing and the tubular Uner. In a 
15 preferred embodimmt, the tubular liner overli^ with another 

wellbore casing. In a preferred embodiment, the tie-back linv further includes 
a seal positioned in the overlap between the tubular liner and the other eusting 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
overly) with the other existing wellbore casing. 
20 An apparatus for expanding a tubular member Has been described that 

includes a support member, a mandrel, a tubular member, and a shoe. The 
support member indudee a first fluid passage. The mandrel is coupled to the 
support member, l^e mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 
25 interior portion of the mandrel is drillsble. The tubular member is coupled to 
the mandrel. The shoe ia coupled to the tubular member. The shoe includes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The int^or portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel includes a tubular member and a 
30 load bearing member. Preferably, the load bearing member comprises a 
driUable bocfy. Preferably, the interior portion of the shoe includes a tubular 
member, and a load bearing member. Preferably, the load bearing member 
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comprises a drillable body. Preferably, the exterior portion of the mandrel 
comprises m expansion cone. Preferably, the expansion cone is fabricated from 
materials selected from the group consisting of tool steel, titaniimi, and 
ceramic Preferably, the expansion cone has a surface hardness ranging from 
5 about 58 to 62 Rockwell C. Preferabty at least a portion of the apparatus is 
drillable. 

A wellhead has also been described that includes an outer casing and a 
plurality of substantially concentric and overlapping inner «>«itip coupled to 
the outer casing. Each inner casing is supported contact presaure between 
10 an outer surface of the inner casiiig and an inner surface of the outer casing. In 
a preferred embodiment, the outer casing has ayield strength ranging from 
about 40,000 to 135,000 pea. In a preferred embodiment, the outer casing has a 
burst strength ranging from about 5,000 to 20,000 psi. In a preferred 
embodiment^ the contact pressure between the inner casings and the outer 
15 casingranges from about 500 to 10,000 psi In n preferred embodunent, one or 
more of the inner casings include one or more sealing members that contact 
with an inner surface of the outer casing. In a preferred embodiment, the 
sealing m^nbers are selected from the group consisting of lead, rubber, Teflon, 
epoxy, and plastic In apreferred embodiment^ a Christmas tree ia coupled to 
20 the outer casing. In a preferred embodiment, a drilling spool is coupled to the 
outercasing. In a preferred embodiment, at least one ofthe inner casings is a 
production casing. . 

A wellhead has also been described that indudsB an outm casing at least 
partially positioned within a wdlbore and a plurality of substantiaUy concentric 

25 umercaaingB coupled to the interior surfiu» of the ou^ 

of expanding one or more of the inner casings into contact with at least a 
portion of the interior surface of the outer casing. In a prefored embodiment, 
the inn« casings are expanded by extruding the mner casings off of a mandrel. 
In a preferred «nbodiment, the inner casings are expanded by the process of 

30 placing the inner casing and a mandrel within the wellbore; and pressurizing an 
interior portion of the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the inner casing is fluididy isolated from an 
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exterior portion of the inner casing. In a preferred embodiment^ the interior 
portion of the inner casing is pressurized at pressures ranging from about 500 
to 9,000 psi. In a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing* In a preferred 
5 embodiment, the iimer casings are supported by their contact with the outer 
caaing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubular member is positioned within the 
10 outer casing. Atleast a portion of the first tubular member is expanded into 
contact with an interior surface of the outer casing. A second tubular member 
is positioned within the outer casing and the first tubular member. At least a 
portion of the second tubular member is expanded into contact with an interior 
portion of the outer casing. In a preferred embodiment^ at least a portion of the 
15 interiorof the first tubular member is pressurized. In a preferred 

embodiment* at least a portion of the interior of the second tubular member is 
pressurized. In a preferred embodiment, at least a portion of the interiors of 
the first and second tubular members are pressurized. In a preferred 
embodiment, the pressurizing of the portion of the interior region of the first 
20 tubular member is provided at operating pressures ranging from about 500 to 
9,000 psL In a preferred embodiment, the pressxirizing of the portion of the 
interior region of the second tubular member is provided at operating pressures 
ranging from about 500 to 9,000 psi In a preferred embodiment, the 
pressmrizing of the portion of the interior region of the first and second tubular 
25 m^nbers is provided at operating imesures ranging from about 500 to 9,000 
psi In a preferred raibodiment, the pressurizing of the portion of the interior 
region of the first tubular member is provided at reduced operating pressures 
during a latter portion of the eqiansion. In a preferred ^nbodiment, the 
pressurizing of the portion of the interior region of the second tubular member 
30 is provided at reduced operating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provided at reduced 
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operating pressures during a latter portion of the expansions. In a preferred 
embodiment, the contact between the first tubular member and the outer 
casing is sealed. In a preferred embodiment, the contact between the second 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the first and second tubular members and the outer casing is 
sealed. In a preferred embodiment, the expanded first tubular member is 
supported using the contact with the outer casing. In a prefened embodiment, 
the expanded second tubuhir member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded fiiat and second tubular 
10 members are supported using their contada with the outer casing. In a 
preferred embodiment, the first and second tubular members are extruded off 
of a mandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated In a preferred embodiment, shock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a radial direction. In a preferred 
16 embodiment, the first and second tubular members are positioned in an 

overiapping relationship. In a preferred embodiment, an interior region of the 
first tubular member ia fluidic^ isolated from an exterior region of the first 
tubular member. In a preferred embodiment, an interior region of the second 
tubuhu- member is fluidicly isolated from an exterior region of the second 
20 tubular member. In a preferred embodiment, the interior region of the first 
tubular member is fluididy iaohited from the region exterior to the first tubular 
member by injecting one or more plugs into the interior of the first tubular 
member. In a preforred onbodiment. the interior region of the second tubular 
member is fluidicly isolated fit»m the region exterior to the second tubular 
25 member by injecting one or more phigs into the interior of the second tubular 
member. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first tubular member is provided hy injecting a fluidic 
matCTial at operating pressures and flow rates ranging torn about 500 to 9,000 
psi and 40 to 3.000 gallona/minute. In a preferred embodiment, the 
30 pressurizing of the portion of the interior region of the second tubular member 
is provided by injecting a fluidic material at operating pressures and flow rates 
ranging from about 500 to 9,000 psi and 40 to 3,000 gaUona/minute. In a 
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preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodiment,, a region of the tubular members beyond the mandrel is 
pressurized. In a preferred embodiment, the r^on of the tubular members 
beyond the mandrel is pressurized to pressures ranging finom about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubular member comprises a 

production casing. In a preferred embodiment, the contact between the first 
tubular membw and the outer casing is sealed. In a preferred embodiment, the 
contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment, the expanded first tubular member is supported using 
10 the outer casing. In a preferred embodiment, the expanded second tubular 
member is 8iq)ported using the outer casing. In a preferred embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outer caamg is tested. In a preferred mbodiment, the integrity of the seal in 
the contact between the second tubular member and the outer casing is tested. 

15 In a preferred embodiment, the mandrel is caught upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out In a 
preferred embodiment, the mandrel is supported with coiled tubing. In a 
preferred embodiment^ the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an outer tubular 

20 member, and a plurality of substantially concentric and overlapping inner 
tubular members coupled to the outer tubular member. Bach inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casing and an inner surface of the outer inner tubular member. In a preferred 
embodiment, the outer tubular monber has a yield strength ranging from about 

25 40,000 to 135,000 paL In a preferred embodiment, the outeT tubular member 
has a burst strength ranging firom about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner tubular m^nbera and the 
outer tubular member ranges firom about 500 to 10,000 psi In a preferred 
embodiment, one or more of the inner tubular members indude one or more 

30 sealing members that contact with an inner surface of the outer tubular 
member. In a preferred embodiment, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epoxy. 
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An apparatus has also been described that includes an out^ tubular 
member, and a plurality of substantiality concentric inner tubular members 
coupled to the interior surface of the outer tubular member by the process of 
expanding one or more of the inner tubular members into mnt^^ with at least 
5 a portion of the interior surface of the outer tubular member. In a preferred 
embodiment^ the inner tubular members are expanded by extruding the inner 
tubular members off of a mandrel. In a prefened embodiment^ the inner 
tubular members are expanded by the process of: pladng the inner tubular 
membos and a mandrel within the outer tubular member; and pressurizing an 
10 interiorportionof the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the ixmer tubular member is Huididy 
isolatedfromanexterior portion of the inner tubular member. Inapreferred 
embodimenti the interior portion of the inna tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psL In a preferred ^nbodiment, the 
15 apparatus ftirther includes one or more seals positioned in the interface 
between the inner tubular members and the outer tubular memba-. In a 
preferred embodimenti the inner tubular members are supported by their 
contact with the outer tabular member. 

A weUbore casing has also been described that includes a first tubular 
20 member, and a second tubular member coupled to the first tubular member in 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal to the inner diameter of the second tubular member. In a 
preferred embodiment, the first tubular member includes a first thin wall 
section, whermn the second tubular member includes a second thin wall section, 
25 and wherein the first thin wall section is coupled to the second thin wall 
section. In a preferred embodiment, first and second thin wall sections are 
deformed. In a prrferred embodiment, the first tubular member includes a first 
compressible member coupled to the first thin wall section, and wherein the 
second tubular member includes a second oonqiressible member coupled to the 
30 second thin wall section. In a preferred embodiment, the first thin wall section 
and the first con4>res8ible member are coupled to the second thin wall section 
and the second compressible member. In a preferred embodiment, the first 
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and second thin wall sections and the first and second compressible members 
are deformed. . 

A weUbore casing has also bera described that tndudes a tubular 
member induding at least one thin wall section and a thick wall section^ and 
5 a compressible annular member coupled to each thin wall section. In a 
preferred embodiment^ the compressible annular memb« is fabricated from 
materials selected from the group consisting of rubber, plastic, metal and epoxy. 
In a prefmed embodiment^ the wall thickness of the thin wall section ranges 
from about 50 to 100 % of the wall thickness of the thick wall section. In a 

10 preferred embodiment, the length of the thin wall section ranges from about 
120 to 2400 inches. In a preferred embodiment, the compressible annnlnr 
member is positioned along the thin wail section. In a preferred embodiment, 
the compressible annular member is positioned along the thin and thick wall 
sections. In a preferred embodimmt, the tubular member is fabricated from 

15 materials selected from the group consisting of oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, plastics, 
fiberglass, hi^ strength and/or deformable materials* In a preferred 
embodiment, the wellbore casing indudes a first thin wall at a first end of the 
casing, and a second thin wall at a second end of the casing. 

20 A method of creating a casing in a borehole located in a subterranean 

formation has also been described that indudes supporting a tubular liner and a 
mandrel in the borehole using a support member, ii^wting fluidic material into 
the borehole^ presauzizing an interior region.of the mandrel, disidadng a 
portion of the mandrel relative to the support member, and radially expanding 

25 the tubular liner. In a preferred embodiment^ the injecting indudes iiqecting 
hardenable fluidie sealing material into an annular region located between the 
borehole and the exterior of the tubular liner, and iigecting non hardenable 
fluidic material into an intmor region of the mandreL In a preferred 
embodim»t| the method further indudes fluidic^ laolating the annular region 

30 from the interior region before injecting the non hardmable fluidic material 
into the interior region of the mandrd. In a preferred embodiment, the 
injecting of the hardenable fluidic sealing material is provided at operating 
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pressures and flow rates ranging from about 0 to 5,000 pei and 0 to 1,500 
gallons/min. In a preferred embodiment, the iiuecting of the non hardoiable 
fluidic materia] is provided at operating pressures and flow rates ranging from 
about 500 to 9,000 pd and 40 to 3,000 gattona/min. In a preferred embodiment, 
5 the xAjecting of the non hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a prefored embodiment, the fluidic material is injected into one 
or more pressure chambos. In a preferred embodiment^ the one or more 
pressmre chambers are pressurized In a preferred embodiment, the pressure 
10 chambers are pressurized to pressures ranging fi*om about 500 to 9,000 psi. In 
a preferred embodiment, the method Aurther includes fluididy isolating an 
intoior region of the mandrel fix)m an exterior region of the mandrd. In a 
preferred embodiment, the interior region of the mandrel is isolated from the 
region exterior to the mandrel by ioserting one or more plugs into the iE\jected 
15 fluidic material. In a preferred embodiment, the method further includes 
curing at least a portion of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overiapping the tubular liner with an 
existing wellbore casing. In a preferred embodimrat, the method further 
20 includes sealing the overlap between the tubular liner imd the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the overlap with the gyiafa'ng wellbore casing. In a 
preferred embodiment, the method further inrinrtang the integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. In a 
25 preferred embodiment, the method further indudea removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. 
In a preferred embodiment, the method further indudee lubricating the surface 
of the mandreL In a preferred embodiment, the method further indudes 
absorbing shock. In a preferred embodiment, the method frvther indudes 
30 catching the mandrel upon the completion of the extruding. In a preferred 
embodiment, the method further indudes drilling out the mandrd. In a 
preferred embodiment, the method further indudes supporting the mandrel 
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with coiled tubing. In a preferred embodiment, the mandrel reciprocates. In a 
preferred embodiment^ .the mancirel is displaced in a first direction during the 
pressurization of the intmor region of the mandrel, and the mandrel is 
displaced in a second direction during a de>pressurizataon of the interior region 
5 of the mandrel In a preferred embodiment, the tubular liner ia maintained in a 
substantiaUy stationary position during the pressurization of the interior region 
of the mandrel. In a preferred embodiment, the tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 
A wellbore casing has also been described that includes a first tubxilar 
10 member baring a first inside diameter, and a second tubular monber having a 
second inside diameter substantially equal to the first inside diameter coupled 
to the first tubular member in an overlapping relationship. The first and 
second tubular members are coupled by the process of deforming a portion of 
the second tubular member into contact with a portion of the first tubular 
15 member. In a preferred embodiment, the second tubular member is deformed 
by the process of placing the first and second tubular members in an 
overl^ping relation ship, radially expanding at least a portion of the first 
tubular member, and radially expanding the second tubular member. In a 
preferred embodiment, the second tubular member is radially expanded by the 
20 process of supporting the second tubular member and a mandrel within the 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressurizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to the Biq)port member. In a preferred embodiment, the 
injecting indudes iiqecting hardenable fluidic sealing material into an annular 
25 region located between the borehole and the exterior of the second lino, and 
iAjecting non hardenable fluidic material into an interior region of the mandrel. 
In a preferred mbodiment» the wdlbore casing fiirther indudes fluidic^ 
isolating the annular region from the interior region of the mandrel More 
iiuecting the non hardenable fluidic material into the intmor region of the 
30 mandrel. In a preferred embodiment, the injecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging firom 
about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment, the 
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injecting of the non hardenable fluidic material is provided at operating 
pressures and How rates rangixig from about 500 to 9,000 pd and 40 to 3,000 
gallons/min. In a preferred embodimrat, the injecting of the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 during an end portion of the radial expansion. In a preferred embodiment, the 
fluidic matwial is iiqected into one or more pressure chambers. In a preferred 
embodimenti one or more pressure chambers are pressurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psL In a preferred embodiment, the wellbore casing further 

10 includes fluidicfy isolating an interior region of the mandrel from an exterior 
region of the mandrel. In a preferred embodiment, the iaterior region of the 
mandrd is isolated fitim the region exterior to the mandrel by inserting one or 
more plugs into the iryected fluidic material. In a preferred embodimenti the 
wellbore casing further includes curing at least a portion of the fluidic material, 

15 and rraioving at least a portion of the cured fluidic material located within the 
second tubular liner. In a preferred embodiment, the wellbore casing further 
includes sealing the overlap between the first and second tubular liners. In a 
preferred embodiment, the wellbore casing farther includes supporting the 
second tubular liner using the overlap with the first tubular liner. In a 

20 preferred embodiment, the wellbore casing fiuth^ iaclUdes testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred embodiment, the wellbore casing further includes removing at 
least a portion of the hardenable fluidic sealing material within the second 
tubular liner before curing. In a preferred embodiment, the wellbore casing 

25 further indudes lubricating the surface of the mandrd. In a preferred 
embodim^t, the wellbore caaing further includes absorbing shodL In a 
preferred embodiment, the wellbore casing further includes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment^ the wellbore casing further includes drilling out the mandrel In a 

30 preferred embodimmt, the wellbore casing further include supporting the 
mandrd with coiled tubing. In a preferred embodiment, the mandrel 
reciprocates. In a preferred embodiment, the mandrel is displaced in a first 
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direction during the pressiirization of the interior region of the mandrel; and 
wherein the mandrel, is displaced in a second direction during a de- 
pressurizationof the interior region of the mandreL In a preferred 
embodiment^ the second tubular liner is maintained in a substantially 
5 stationaiy position during the pressurization of the interior region of the 
mandrel. In a preferred embodunent, the second tubular liner is supported by 
the mandrel during a de-pressurization of the interior r^on of the mandrel. 

An apparatus for expanding a tubular member has also been described 
that includes a support member including a fluid passage, a mandrel movably 
10 coupled to the support member including an expansion cone, at least one 
pressure chamber defined by and positioned between the support member and 
mandrel fluidic^ coupled to the first fluid passage, and one or more releasable 
supports coupled to the support member adapted to support the tubular 
member. In a preferred embodiment, the fluid passage includes a throat 
15 passage having a reduced inner diameter. In a preferred embodiment, the 
mandrel includes one or more annular pistons. In a preferred embodiment, the 
apparatus includes a plurality of pressure chambers. In a preferred 
embodiment, the pressure chambers are at least partiaUy defined by annular 
pistons. In a preferred embodimeait, the releasable supports are positioned 
20 below the mandrel. In a preferred embodiment, the rdeasable supports are 
positioned above the mandrel. In a prefored embodiment, the releasable 
supports comprise l^ydraulic slips. In a preferred embodiment, the releasable 
supports conqvise mechanical slips. In a preferred embodiment^ the releasable 
supports comprise drag blocks. In a pr e f erred embodiment^ the mandrel 
25 includes one or more annular pistona, and an expansion oone coupled to the 
annular pistons. In a prefored mbodimenti one or more of the anfmiar 
pistons indude an eaqmnsion cone. In a preferred embodiment» the pressure 
chambers comprise «nnfllftr pressure chambers. 

An a|q»ratU8 has also been described thai includes one or more solid 
30 tubular members, each solid tubidar member including one or more external 
seals, one or more slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment, the apparatus further includes one or more 
intermediate solid tubular membos coupled to and intoieaved among the 
slotted tubular members, each intermediate solid tubular membo- including 
one or more external seals, la a prefened onbodiment, the apparatus further 
5 includes one or more vabn members. In a preferred embodiment, one or more 
of the intennediafce soUd tubular members indude one or more valve members. 

A method of joining a second tubular member to b first tobuko- monber, 
the first tubular monbar having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 
10 positaoning a mandrel within an interior region of the second tubular member, 
pressxirizing a portion of the interior region of the mandrel, displacing the 

nrandrel relative to the second tubular monber, and extruding at least a portion 
of the second tubular monber off of the mandrel into engagemmt with the first 
tubular member. In a preferred embodiinent, the pressurizing of the portion of 
15 the interior region of the mandrel is provided at operating pressures ranging 
fiiom about 500 to 9,000 psi. In a prefened embodiment, the pressurizing of the 
portion of the intoior r^on of the mandrel is provided at reduced operating 
pressures during a latter portion of the extruding. In a preferred embodiment, 
the method ftnrther indudes sealing the interfiatce between the first and second 
20 tubular members. la a prrferred embodiment, the method further includes 
supporting the extruded second tubular member using the interface with the 
first tubular member. In a preferred embodiment, the method Anther includes 
lubricating the surface <rf the mandrel. In a preferred embodiment, the method 
f^irther indudes absorbmg shock. In a preferred embodiment, the metiiod 
25 further indudes positioning the first and second tubular monbers in an 
overlapping relationship. In a preferred embodiment, the method further 
indudes fluididy isolating an intmor region of the mandrel an extoior region 
of the mandrel In a preferred embodiment, the mtmor region of the mandrel 
is fluididy isolated from the region exterior to the mandrel by ii^jecting one or 
30 more plugs into the interior of the mandrd. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressures and flow rates ranging from 
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about 500 to 9,000 pd and 40 to 3,000 gaUonaAninute. In a preferred 
embodiment^ the method further induces icjecting Omdxe material beyond the 
mandrel. In a preferred embodiment, one or more pressure chambers defined 
by the mandrel are pressurized. In a preferred embodiment, the pt^ure 
5 chambers are pressurized to pressures ranging firom about 500 to 9,000 psi. In 
a preferred embodiment, the first tubular member comprises an existing section 
of a wellbore. In a preferred embodiment, the method further includes sealing 
the interface between the first and second tubular members. In a preferred 
embodiment, the method farther includes supporting the extruded second 

10 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred embodiment, the method further indudea catching the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

15 further indudea drilling out the mandrel. In a preferred embodiment, the 
method further indude supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further indudea cou|^g the mandrel to a 
drillable shoe. In a preferred embodiment, the mandrel is displsu^ed in the 
longitudinal direction. In a preferred embodiment, the mandrd is displaced in 

20 a first direction during the pressuiization and in a second direction during a de- 
preasurization. 

An apparatus haa also been described that indudes one or more primary 
solid tubulara, each primary solid tubular induding one or more external 
annular aeala, n slotted tubulara coupled to the primaiy solid tubulars, n*l 

25 intermediate solid tubulara coupled to and interieaved among the slotted 
tubulars^ each intermediate solid tubular induding one or more external 
annular seals, and a shoe coupled to one of the slotted tubulara. 

A method of isolating a first subterranean zone from a second 
subterranean zone in a wellbore has also been described that indudea 

30 positioning one or more primary solid tubulara within the weUbore, the primary 
solid tubulars traversing the first subterranean zone, poaitioning one or more 
slotted tubulara within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluididy coupling the slotted tubulais and the solid 
tubulars, and preventing the passage qf jDuids from the first subterranean zone 
to the second subterranean zone within the wellbore external to the solid and 
slotted tttbulars. 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at least a portion of the wellbore including a casing, has also been 
described that includes positioning one or more primary solid tubulars within 
tiie wellbore, fluidicly coupling the primaiy solid tubulars with the casing 
positioning one or more slotted tubulars within the wellbore, the slotted 
10 tubulars traversing the producing subterranean zone, fluidicly coupling the 
slotted tubulars with the solid tubulars, fluidicly isolating the producing 
subterranean zone bom at least one other subterranean zone within the 
wellbore, and fluidicly coupling at least one of the slotted tubulars from the 
producing subterranean zone. In a preferred embodiment, the method further 
15 indudescontroUablyfluidic^y decoupling at least one of the slotted tubulars 
from at least one otter of the slotted tubulars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that indudes installing a tubular liner, a 
mandrd, and a drilling assembly in the borehole. A fluidic material is injected 
20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the t\ibular liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment, the injecting indudes injecting 
the fluidic material within an expandable chamber. In a p r efer red embodiment, 
the ii\jecting indudes ii^ecting hardenable fhiidic sealing material into an 
25 annular region located between the bordiole and the extmor of the tubular 
liner. In a p r efer r ed embodiment, the izyecting of the hardenable fluidic sealing 
material ia provided at operating pressures and flow rates ranging from about 0 
to 5,000 psi and 0 to 1,500 gallona/min. In apreferred embodiment, the 
injecting of the fluidic material is provided at operating pressures and flow rates 
30 ranging from about 600 to 9,000 psi and 40 to 3,000 giedlona/min. Inajnrderred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
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expansion. In a prefeired embodiment, the method fui^ ' 
least a portion of the 0yidic material; and removing at least a portion of the 
cured fltiidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular liner with an 
5 existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the overlsp between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method furtherindudes supporting the 
extruded tubular liner using the overlap with the existing wellbore casing. In a 
preferred embodiment, the method fiirther includes testing the integrity of the 
10 seal in the overlap between the tubular liner and the existing wellbore casing. 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrel. In a preferred embodiment, the method further includes 
absorbing 8ho<^. In a prefmed eD[ibodiment, the method further includes 
catching the mandrel upon the completion of the extruding. In a preferred 
15 embodiment, the method further indudes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further indudes drilling out 
the mandrel In a preferred embodiment, the method further indudes 
supporting the mandrel with coiled tubing. In a preferred embodiment, the 
wall thickness of the tubular member is variable. In a preferred embodiment, 
20 the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that indudes a support member, 
the support member induding a first fhiid passage; a mandrel coupled to the 
support member, the mandrel induding: a second flmd passage; a tubular 
member coupled to the mandrd; and a shoe coupled to the tubular liner, the 
25 shoe induding a third fluid passage; and a drilling assembfy coupled to 

wherein the first, second and third fhud passages and the drilling assembly are 
operably coupled. In a prtferred embodiment, the support member further 
indudes: a pressure relief passage; and a flow contxol valve coupled to the first 
fluid passage and the pressure relief passage* In a preferred embodiment, the 
30 support member further indudes a shock absorber. In a prefmed embodiment, 
the support member indudes one or more sealing members adapted to prevent 
foreign material firom entering an interior region of the tubular member. In a 
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preferred embodiment, the support member includes one or more stabilizers. 
In a preferred embodiment^ the inandrel is eipandable. In a preferred 
embodiment, the tubular member is fabricated from materials selected from the 
group consisting of Oilfield Country Tubular Goods» automotive grade steel, 
5 plastic and diromium steel. In a preferred embodim»t» the tubular member 
has inner and out9 diameters ranging from about 0.75 to 47 inches and t05 to 
48 inches, respectively. In a preferred embodiment^ the tubular member has a 
plastic yield point ranging from about 40,000 to 135,000 psi. In a preferred 
embodiment, the tubular member includes one or more sealing members at an 
10 Bad portion. In a preferred embodimwt, the tubular member includes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubular member mdudes a catching member at an end portion for slowing 
down mov^ent of the mandrel In a prefemd embodiment, the support 
member comprises oofled tubing. In a pre f erred embodiment, at least a portion 
15 ofthe mandrel and shoe are driUable. In a preferred embodim»t, the wall 
thickness of the tubular member in an area a4jacent to the mandrel is less than 
the wall thickness of the tubular member in an area that is not adjacent to the 
mandrd. In a preferred rad>odiment, the Bf/parBtas further includes an 
expandable chamber. In a preferred embodiment, the expandable chamber is 
20 approximately cylindrical. In a preferred embodiment, the expandable 
chamber is spproximate^ annular. 

A method of forming an imderground pipeline within an underground 
tunnel including at least a first tubular m^nber and a second tubular member, 
the first tubular member having an inner diameter greater than an outer 
25 diameto* of the second tubular member, has also been described tfi^*^ includes 
positioning the first tubular member within the tunnel; positioning the second 
tubular membv within the tunnel in an owlapping relationahip with the first 
tubular member; positioning a mandrel and a drilling assembly within an 
interior region of the second tubular member, ii^ecting a fluidie material within 
30 the mandrel, drilling assembly and the second tabular meniber;extntdm 
least a portion of the second tubular member off of the mandrel into 
engagement with the first tubular member; and drilling the tunnel. In a 
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preferred embodiment, the ii^ecting of the fiuidic material is provided at 
operating pressvrea ranging^firpm about 500 to 9»000 psL In a preferred 
embodiment) the injecting of the fluidic material ia provided at reduced 
operating pressures during a latter portion of the extrading. In a fnreferred 
5 embodiment, the method further includes sealing the interface between the 
first and second tubular members. In a prefored embodiment, the method 
fiirther includes supporting the extruded second tubular member using the 
interface with the first tubular member. In a pr e ferred embodiment, the 
method further includes lubricating the surface of the mandrel. In a preferred 
10 embodimrat, the method further includes absorbing shock. In a prefierred 
embodimmt, the method further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further indudesealing the 
interface between the first and second tubular members. In a preferred 
embodiment, the method further includes supporting the extruded second 
15 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the int^ace 
between the first tubular member and the second tubular member. In a 
preferred embodiment, the method further includes catching the mandrel upon 
the completion of the extruding. In a preferred embodiment, the methcxl 
20 further includes drilling out the mandrel. In a preferred embodiment, the 
method further includes supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, the fluidic material is injected into 
an eqMmdahle chamber. In a p r efe rred embodiment, the expandable chamber 
25 is substantial]^ cylindricaL In a prtferred onbodiment, the expandable 
chamber is substantially annular. An apparatus has also been described 
that includes a weUbore, the wellbore formed by the process of drilling the 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular Una off of a mandrel wdiile 
30 driUing the wellbore. In a prrferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressmrizinganinterior portion of the tubular liner. In a preferred ' 
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embodiment, the interior portion of the tubular liner ia pressurized at pressures 
ranging from about 500 to 9jOOO psL . In a {nreferred embodiment^ the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the mandrel. - In a 
5 preferred embodiment, the interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
apparatus further includes an annular bo4y of a cured Ouidic mat^ial coupled 
to the tubular liner. In a preferred embodiment, the annular bo^y of a cured 
fluidic sealing material is fonned by the process of: iiuecting a body of 

10 hardenable fluidic sealing material into an annular regioii external of the 

« 

tubular liner. In a preferred embodinmt, the tubular liner overlaps with an 
existing wellbore casing. In a preferred embodiment, the apparatus further 
includes a seal positioned in the overh9> between the tubular liner and the 
existing wellbore casing. In a preferred onbodiment, the tubular liner ia 
15 supported by the overlap with the existing wellbore casing. In a preferred 
embodiment, the process of extruding the tubular liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber is substantially cylindrical. In a preferred ^nbodiment, 
the expandable chamber is substantial^ annular. 

20 A method of forming a wellbore casing in a wellbore has also been 

described that includes drilling out the wellbore while farming the wellbore 
casing. In a preferred embodiment, the fonning includes: OTp» n '^^ n g a tubular 
member in the radial direction. In a p re f e r red embodiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 

25 embodiment, the Hlgpiftf^ng includes: expanding an expandable chamber. In a 
preferred embodiment, the expandable chamber comprises a cylindrical 
chamber. In a preferred embodiment, the expandable chamber comprises an 
annular chamber. 

A method of expanding a tubular member has also been described that 

30 includes placing a mandrel within the tubular m^nber« pressurizing an anmilAy 
r^on within the tubular member, and displacing the mandrel with respect to 
the tubular membw . In a preferred embodiment, the method further includes 
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removing fluids within the tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment^ the removed fluids 
pass inside ihe an n ula r region. In a preferred embodiment, the volume of the 
annular region increases. In a preferred embodiment» the method further 
5 includes sealing off the annular region. In a preferred embodiment, sealing off 
the a nn u l a r region includes sealing a stationary member and sealing a non- 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In a preferred embodiment^ the method 
further includes conveying a pressurized fluid and a non*inre88uri2ed fluid in 
10 opposite directions. In a preferred embodiment, the pressurizing is provided at 
operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. 

A method of coupling a tubular member to preexisting structure has also 
15 been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
embodiment, the method further includes removing fluids within the tubular 
20 member that are displaced by the displacement of the mandrel. In a preferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the volume of the «nnulflr region increasea. In a preferred 
embodiment, the method further indudea sealing off the ont^ n ift y region. In a 
preferred embodimenti sealing off the awnniftr region includes sealing a 
25 stationary member and sealing a non-stalionaiymaaber. Inapreferred 
embodiment, the method further includes conveying fluids in opposite 
directions* In a preferred embodiment, the method furthv includes conveying 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a 
preferred embodiment, the preesurizing is provided at operating pressures 
30 ranging from about 0 to 9,000 psL In a preferred raibodiment, the pressurizing 
is provided at flow rates ranging fi^m about 0 to 3,000 gallons/minute. 
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A method of repairiag a defect in a preesiating structure using a tubular 
member has also been, described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an annular r^on within 
5 the tubular member, and displacing the mandrel with respect to the tubular 
member* In a preferred embodiment, the method further includes removing 
fluids within the tubular member that are dis{daced by the displacement of the 
mandreL In a preferred embodiment! the removed fliuds pass inside the 
annular region. In a pteferred embodiment, the volume of the annular region 

10 increases. In a preferred embodiment^ the method further includes sealing off 
the annular region. In a preferred embodiment^ sealing off the nnnniflr region 
includes seailing a stationary member and sealing a non*stationary member. In 
a preferred embodiment^ the method further includes conveying fluids in 
opposite directions. In a preferred embodiment^ the method further includes 

15 conveying a pressurized fluid and a non^pressurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psL In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. In a 
preferred embodiment, the method further includes sealing the interface 

20 between the preexisting structure and the tubular member at ends of the 
tubular member. 

An apparatus for radially expanding a tubular member has also been 
described that includes a first tubular member, a second tubular member 
positioned within the first tubular member, a third tubular member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between 
the second and third tubular members, and a mandrel positioned within the 
first tubular member and coupled to an end of the third tubular member. In a 

30 preferred embodiment, the apparatus further includes an annular chamber 
defined by the first tubular member, the second tubular member, the third 
tubular member, the first annular sealing member, the second annular sealing 
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member, and the mandrel. In a preferred embodiment, the apparatus further 
includes an annular pas8agQ.deGned by the second tubular member and the 
third tubular member. In a preferred embodiment, the apparatus further 
indudes a fluid passage contained within the third tubular member and the 
5 mandrel. In a prefenred embodiment, the apparatus further includes one or 
more sealing members coupled to an exterior surface of the first tubular 
member. In a preferred embodimnt^ the apparatus further includes an 
annular chaniberdefimed I7 the Curst tubular menober, the second tubular 
member, the third tubular member, the first annular sealing member, the 
10 second an n u l a r sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular monber. In a preferred 
embodiment, the annular chamber and the mnqim* passage are fluididy 
coupled. In a preferred embodiment, the q>paratus further indudes one or 
more slips coupled to the exterior surfSoce of the first tubular member. Ina 
15 preferred embodiment, the mandrel indudes a conical surfiice. In a preferred 
embodiment, the angle of attack of the conical surface ranges firom about 10 to 
30 degrees. In a preferred onbodiment, the conical surface has a surface 
hardness ranging firom about 58 to 62 Rodkwell C. 

An apparatus has also been described that indudes a tubular member, a 
20 piston adfl^ted to expand the diameter of the tubular rnember positioned within 
the tubular member, the piston including a passage for conveying fluids out of 
the tubular member, and an annular chamber defined by the piston and tubular 
member. In a preferred embodiment, the piston indudes a conical siirfaoe. In a 
preferred embodiment, the an^e of attack of the conic^ surface ranges fi^m 
25 about 10 to SO degrees. In a preferred embodiment, the conical surface has a 
surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the tubular member indudes one or more sealing members 
coupled to the exterior surface of the tubular membv. 

A wellbore casing has also heea described that indudes a first tubular 
30 member and aseoond tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of positioning the second tubular member in an overlapping 
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relationship to the first tubular member, pladng a mandrel within the second 
tubular member, presaurizing an annular r^on within the second tubular 
member, and displacing the mandrel with respect to the second tubular 
member. In a preferred embodiment, the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a prefmed embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region increases. In a {veferred embodiment, the weObore casing 
farther includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationary member. In a preferred embodiment, the wellbore casing 
further induding conveying fluids in opposite directions. In a preferred 
embodiment, the wdlbore casing furth« includes conveying a pressurized fluid 
and a non-preasurized fluid in opposite directions. In a preferred embodiment, 
15 the pressurizing is provided at operating pressures ranging from about 0 to 
9,000 psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure and a tubular membar coupled to the preexisting structure. The 
20 tubular member is coupled to the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
25 apparatus farther includes removing fluids within the tubular member that are 
displaced by the displacem^t of the mandrel. In a prefened embodiment, the 
removed fluids pass inside the annular region. In a prtferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus furthCT includes sealing off the annular region. In a prefmed 
30 embodiment^ sealing off the annular region mdudes sealing a stationary 

member and sealing a non-stationary member. In a pref(HTed embodiment, the 
apparatus farther includes conveying fluids in opposite directions. In a 
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preferred embodiment, the apparatus further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizinris provided at 
5 flow rates ranging from about 0 to 3,000 galiona/minuta 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
defective portion of the preteisting structure. The tubular meniiba' is coupled 
to the defective portion of the preexisting structure by the process of: 
10 positioning the tubular member in an ovcrlftpplng Tftl«fa>nBhip tft thi* drfw^ in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an annular region within the tubular member, and displadng the 
mandrd with respect to the tubular member. In a prefoied embodimmt, the 
apparatus further includes rraaoving fluids within the tubular member that are 
IS displaced by the displacement of the mandrd. In a prrferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region inoeases. In a pr e fer re d embodimrat, the 
i4>paratu8fiurther includes sealing ofif the annular region. In a prefer r e d 
embodimenti sealing off the «n«iitiiT region includes seating a stationary 
20 membn and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
preferred embodimoit, the apparatus further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
anbodiment, the pressurizing is i^vided at operating pressures ranging from 
25 about 0 to 9,000 psi. In a preferred embodiment, the presstuizing is provided at 
flow rates ranging from about 0 to 3,000 gallona/minute. In a preferred 
embodimmt, the apparatus further includes sealing the interface between the 
preexisting structure and the tubular member at en<b of tiie tubular member. 
A method of expanding a tubular member haa also been described that 
30 includes placing a mandrel within the tubular member, pressurizing a region 
within the tubular member, and displadng the mandrd with respect to the 
tubiilar member. In a preferred embodiment, the pressurizing is provided at 
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operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallonsAninute. In a preferred embodiment^ the tubular member is 
expandedbeginningatanupper portion of the tubular member. - 
5 A method of coupling a tubular m^nber to preexisting structure has also 

been described that includes positioning the tubular member in an overls^ping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an interior r^on within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
10 embodiment^ the pressiuizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallona/minute. In a preferred 
embodiment, the tubular member is expanded beginning at an upper portion of 
the tubular member. 

15 A method of repairing a defect in a preexisting structure using a tubular 

member has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexiatiiig structure, placing 
a mandrel within the tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubular 
20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psL In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallonaAninute. In a prefenredembodiment^ the tubular tnember is expanded 
b eginnin g at an upper portion of the tubular member. Inapreferred 
25 enibodimmt, the method further indudea sealing the interface between the 
premsting stracture and the tubular member at both »ds of the tubular 
member. 

An apparatus for radially expanding a tubular member has also been described 
that includes a first tubular member, a second tubular member coupled to the 
30 first tubular memba:, a third tubular mmim coupled to the second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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embodiment, the mandrel includes a fluid passage having an inlet adapted to 
receive fluid stop meinber. In ajireferred embodiment^ the apparatus further 
includes one or more slips coupled to the exterior surface of the third tubular 
member. In a prtferred embodiment^ the mandrel includes a conical surface. 
5 In a i»eferredembodiment| the angle of attack of the conical surface ranges 
from about 10 to 30 degrees. In a preferred embodiment^ the conical surface 
has a sur£Eu» hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodimenti the average inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member. 
10 An apparatus has also been described that includes a tubular member, a 

piston adapted to expand the diameter of the tubular member positioned within 
the tubular member, the piston induding a passage for conveying fluids out of 
the tubular member. In a prtferred embodiment^ the piston includes a conical 
surface. In a preferred embodiment^ the anf^e of attack of the conical surface 
15 ranges from about 10 to SO degrees. In a preferred embodiment, the conical 
surface has a siirface hardness ranging from about 58 to 62 Rockwell C. Ina 
preferred embodiment, the tubular member includes one or more sealing 
.members coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that includes a first tubular 
20 member and a second tubidar member coupled to the first tubular member. 
The second tubular membtf is coupled to the first tubular member by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular member, placing a mandrel vdthin the second 
tubular member, pressurizing an interior region within the second tubular 
25 member, and diBidadng the mandrel with respect to the second tubular 

member. In a preferred embodiment, the pressurizing is provided at operatiog 
pressures ranging frt>m about 0 to 9,000 psi. In afseferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallona^linute. 

30 An apparatus haa also hemi described that includes a preexisting 

structure and a tubulsor member ooufded to the preexisting structure. The 
tubular member is coupled to the preexisting structure by the process of: 

'278^ 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel wi^iin the tubular member^ 
pressurizing an interior region within the tubular meniber, and displacing the 
mandrel with respect to the tubular m^nber. In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi* In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 galionsAninute, 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
10 defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure fay the process of: 
positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region wiUiin the tubular member, and displacing the 
15 mandrel with respect to the tubular member. In a preftared embodiment, the 
pressurizing is provided at operating pressures ranging fit>m about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallonsMiinute. In a preferred embodimrat, the 
apparatus further includes sealing the interface between the preexisting 
20 structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that includes a first tubular 
member, a second tubular member, and a threaded connection for coupling the 
first tubular member to the second tubular member. The threaded connection 
includes one or mora sealing m^nbera for sealing the interface between the first 
25 and second tubular members. In a pr e fer red embodiment; the threaded 
connection oonqnrises a pin and box threaded connection. In a pref e r r ed 
onbodiment, the sealing members ara positioned aiQaoent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned ai^jacent to an end portion of the threaded connection; 
30 and wherein another one of the sealing monbers is not positioned adjacent to 
an end portion of the threaded connection. In a preferred embodiment^ a 
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plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 

An apparatus also has been described that includes a tubular assembly 
having a first tubular member, a second tubular member, and a threaded 
5 connection for coupling Uie first tubular member to the second tubular 
member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular membm« The 
tubular assembly is formed by the process of radially expanding the tubular 
assembly. In a preferred embodiment, the threaded connection comprises a pin 
10 and box threaded connection. In a preferred embodimenti the sealing members 
are positioned adjacent to an end portion of the threaded connection. In a 
preferred onbodiment, one of the sealing members is positioned adjacent to an 
end portion of the threaded connection; and wherein another one of the sealing 
members is not positioned ai^aoent to an end portion of the threaded 
15 connection. In a preferred embodiment, a plurality of the sealing members are 
positioned a4jacent to an end portion of the threaded connection. 

An apparatus also has been described that includes a tubular member 
and a mandrd positioned within the tubular member including a conical 
surfacehaveanangleof attack ranging firom about 10 to 30 degrees. Ina 
20 preferred embodiment, the tubular member includes a first tiibular member, a 
second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded comiection 
includes one or more sealing members for sealing the interface between the first 
and second tubular membm. In a preferred embodiment, the threaded 
25 connection comprises a pin and box threaded connection. In a prefored 
embodiment, the sealing members are positioned aiQacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacmt to an »d portion of the threaded connection; 
and wherdn another one of the sealing members b not positioned adjacent to 
30 an end portion of the threaded connection. In a prrferred embodiment» a 
plurality of the sealing members are positioned acQacent to an end portion of 
the threaded connection. 
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Althou^ iUuatratxve embodiments of the invention have been shown and 
described, a. wide range of modification, changes and substitution is 
contemplated in the foregoing disclosure. In some instanoesy some features of 
the present invention may be employed without a corresponding use of the 
5 other features. Accordingly, it is appropriate that the appended claims be 
construed broad^ and in a manner consistent with the scope of the invention. 
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CLAIMS: 



1 1. A method of creating a casing in a borehole located in a subte^^ 

2 fonnation» comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iiyecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 

12. An apparaJtuB for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular lin^, the shoe including a third fluid 

7 passage; 

8 wherein the first, second and third fluid passages are operably coupled. 

13. A method of joining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

14. A tubular liner, comprising: 

2 an annular member, the annular memb» including: 
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3 one or more sealing members at an end portion of the annular 

4 member; anil 

5 one or more pressure rdief passages at an end portion of the 

6 anniJar member. 

15. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by Uie ptocess of: 

3 extruding the tubular lin^ off of a mandrel; and 

4 an annular bo^y of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 6. A tie-back liner for lining an Gristing weUbore casing,^ 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annular bo4y of a cured fluidic sealing material coupled to the tubular 

6 liner. 

1 7. An apparatus for expanding a tubular meniber, oon^irising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular memba* coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

a <^hird flmd passage operably coiqded to the second fluid passage; 

1^1 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outer casing; andi . 

16 a plurality of substantially concentric and overlapping inner niQii nEg 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 

outer surface of the inn^ casing and an inner sxiifaoe of the outer 

20 casing. 

1 9. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 a plurality of substantially concentric inner casings coupled to the 

4 interior siufaoe of the outer casing by the process of expanding 

5 one or more of the inner casings into contact with at least a 

6 portaon of the interior surface of the outer casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a wellbore; 

3 positioning an outer casing at least partially within an upper portion of 

4 the wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact 

7 with an interior surface ofthe outer casing; 

8 positaoning a second tubidar member within the outer casing and the 

9 first tubular monber; and 

10 expanding at least a portion of the second tubular member into contact 

11 with an interior portion of the outer casing. 

1 11. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric and overlapping inner tubular 

4 members coupled to the outer tubular member; 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an outer. surfSace of the inner casing and an inner surface 

7 of the out^ inner tubular memb^. 

1 12. An apparatus, comprising: 

2 an outer tubular member, and 

3 a plurality of aubstantiallj concentric inner tubular members coupled to 

4 the interior surface of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member in an 

4 overk^ing relationship; 

5 wherein the inner diameter of the first tubular m^nber is substantially 

6 equal to the inner diameter of the second tubular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick 

3 wall section; and 

4 a compresaOde Annti|<iy member coupled to each thin wall section. 

1 15. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the bordmle using a support 

4 member; 

5 ii^jecting fluidic material into the borehole; 

6 pressurizing an interior region of the mandrel; 

7 displacing a.portion of the mandrel relative to the support member; and 

8 radially expanding the tubular liner. 
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1 16. A wellbore casing oompiising: 

2 a first tubular mjember haviug a first inside diameter; and 

3 a second tubular mraiber having a second insidcl diameter substantially 

4 equal to the first inside diameter coupled to the first Jkubular 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 vifith a portion of the first tubular member. 

1 17. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movab^y couided to the support member induding an 

4 expansion cone; 

5 at least one pressure diamber defined hy and positioned between the 

6 support member and mandrel fluididy coupled to the first fluid 

7 passage; and 

8 one or more releasable supports coupled to the support member edited 

9 to support the tubular member. 

1 18. Ani4)paratu8, comprising: 

2 one or more solid tubular members, each solid tubular member induding 

3 one or more eartmial seals; 

. 4 one or more slotted tubulsr members coupled to the solid tubular 

5 membos; and 

6 a shoe coupled to one of the slotted tubular members. 

1 19. A method of joining a second tubular monber to a first tubular member, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameterof the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member;* 

6 pressurizing a portion of the interior region of the mandrel; 
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7 displacing the mandrel relative to the second tubular member; and 

8 extruding at l^t a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primaiy solid tubulars, each primary solid tubular including 

3 one or more external annulnr seals; 

4 n Blotted tubulars coupled to the primazy solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the 

6 slotted tubularSt eisudi intermediate solid tubular including one or 

7 more external anntilar seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. A method of isolating a first subterranean zone from a second 

2 subterranean zone in a weUbore, comprising: 

3 positioning one or more primary solid tubulars witiun the wellbore, the 

4 primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluididy coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids from the first subterranean zone to the 

9 second subterranean zone within the weUbore external to the solid 
10 and slotted tubulars. 

1 22. A m^od of extracting materials from a producing subterranean zone in 

2 a wellbore, at least a portion of the wellbore including a caaing, comprising; 

3 positioning one or more primaiy solid tubulara within the wellbore; 

4 fluidicfy coupling the primary solid tubulara with the casing; 

5 positioning one or more slotted tubulars within the weUbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupling the slotted tubulars with the solid tubulars; 
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S fluididy isolatmg the producing subterranean zone from at least one 
9 other subterraixean zone within the wellbore; and 

10 fluididy coupling at least one of the slotted tubulars from the producing 

11 subterranean zone. 

1 23. A method of creating a casing in a borehole while abo drilling the 

2 borehole, comprising: 

3 instaHing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 i&uecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radial^ expanding at least a portion of the tubular liner; and 

8 drilling the borehole using the drilling assembly. 

' 1 24. An apparatus, comprising: 

2 a support member, the support member induding a first fluid passage; 

3 a mandrel coupled to the support memb^, the mandrel induding: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrd; and 

6 a shoe coupled to the tubular liner, the shoe induding a third flmd 

7 passage; and 

8 a drilling assemb^ coupled to the shoe; 

9 herein the firsts second and third fluid passages and the thrilling 
10 assembliy axe oparably coupled. 



1 25. A method of forming an underground pipdine Mrithin an undo^ound 

2 tunnd including at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diameter greater than an outer 

4 diameter of the second tubular member, comprising: 

5 positioning the first tubular member within the tunnd; 

6 positioning the second tubular member within the tunnd in an 

7 overlapping relationship with the first tubular memben 
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8 positioimig a mandrel and a drilling assembly within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular member, 

12 extruding at least a portion of the second tubular member off of the 
Id mandrel into engagement with the first tubular member; and 
14 drilling the tunnel. 

1 26. An ^yparatus, comprising: 

2 a wellbore, the wellbore formed by the process of drilling the wellbore; 

3 and 

4 : a tubular liner positioned within the weUbore, the tubular liner form^ 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of expanding a tubular member, oomprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing an annular region within the tubular member; and 

4 displacing the mandrel with respect to the tubular member. 

1 28. A method of coupling a tubular member to preexisting structure, 

2 oon^>rising: 

3 positioning the tubular memb^ in an overlapping relationship to the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 
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5 pladng a mandrel within the tubular member; 

6 pressurizing an anntUar region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member* 

1 30. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member positioned within the first tubular member; 

4 a third tubular member movab^ coupled to and positioned within the 

5 second tubular member; 

6 a first annular sealing member for sealing an interface between the first 

7 and second tubular members; 

8 a second annular sealing member for sealing an interface between the 

9 second and third tubular members; and 

10 a mandrel positioned within the first tubular member and coupled to an 

11 end of the third tubular member. 

1 31. An apparatus, comprising: 

2 a tubular member; 

3 a piston ad^>ted to eoqiand the *iiAfngt<»r of the tubular member 

4 podiioned within the tubular mraiber, the piston including a 

5 passage for conveying fluids out of the tubular member; and 

6 an annular chamber dtfned by the piston and tubular member. 

1 32* A wellbore casing; con^irising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an ov^s^ing 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member, 

8 pressurizing an annular region within the second tubular member; 

9 and 
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10 displacmg the mandrel with respect to the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubular member coupled to the preexisting structure by the process of: 

15 positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 placing a mandrel within the tubular member; 

18 pressuriadng an annular region within the tubular member; and 

19 displacing the mandrel with respect to the tubular member. 

1 34. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an annular region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 35. Amethodof expanding a tubular member, comprismg: 

2 {facing a mandrel within the tubular member; 

3 pressurising a region within the tubular member; and 

4 displadngthemandrel with respect to the tubular member. 

1 36. A method of coupling a tubular member to preexisting structure 

2 comprising: 

3 positioning the tabular member in an ov^lapping relationship to the 

4 preexisting structure; 

o placing a mandrel within the tubular member; 
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6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with i:espect to the tubtilar member. 

1 37. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an interior region within the tubular member, and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubiilar member; 

3 a second tubular member coupled to the first tubular memb^ 

4 a third tubular member coupled to the second tubular member; and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the thiid tubular member. 

1 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubidar member 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member. 

1 40. A weObore casing, comprising: 

2 a first tubular monber; and 

3 asecondtubularmembercoupledto the first tubular menibw by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a'mandrel within the second tubular member; 
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8 pressiirizmg an interior region within the second tubular member 

9 and 

10 displacing the mandrel with respect to the second tubular 

11 mend>er. 

1 41. An apparatus, comprising: 

2 a preexisting structure; and 

3 a tubular member coupled to the preezistang structure by the process of: 

4 positioning the tubular member in an overli^^ping relationship to 

5 the preexisting structure; 

6 placing a mandrel within the tubular member; 

7 pressurizing an interior region within the tubular member; and 

8 displacing the mandrel vrith respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlcq>ping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an interior region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An i^paratus, comprising: 

2 a first tabular member; 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member^ the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 • first and second tubular members. 
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1 44. The apparatus of claim 43, wherein the threaded coimection comprises a 

2 pin and box threaded connection. . 

1 45. The apparatus of daim 4S, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. The apparatus of claim 43, whorein one of the seaUng members ia 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned a4jacent to an end portion 

4 of the threaded connection. 

1 47. The €q)paratus of claim 43, wherein a plurality of the sealing members 
. 2 are positioned a^jaomt to an end portion of the threaded connection. 

1 48. An apparatus^ comprising: 

2 a tubular assemblty including: 

3 a Grst tubular member; 

4 a second tubular member; and 

5 a threaded connection for coupling the first tubular member to the 

6 second tubular member, the threaded connection including: 

7 one or more sealing members for sealing the int^face 

8 between the first and second tubular members; 

9 i^dierein the tubular aaaembly is formed by the process of radiaUy 
10 expanding the tubular assembly. 

1 49. The apparatUB of daim 48, wherein the threaded connection comprises a 

2 pin and box threaded connection. 

1 50. Theapparatuaof daim 48, herein the sealing members are positioned 

2 a4|aceat to an end portion of the threaded connection! 
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1 51. The apparatus of claim 48, wherein one of the sealing members is 

2 positioned acQaoent to an end pQrtion of the threaded connection; and wherein 

3 anotha one of the sealing members is not positioned acUacent to an end portion 

4 of the threaded connection. 

1 52. Theai^aratusof claim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 



1 63. An «^lparatu8, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member including a conical 

4 suifacebaveanangleof attack ranging from about 10 to SO 
6 degrees. 

1 54. The apparatus of claim 53, wherein the tubidar member includes: 

2 a first tubular member, 

5 a second tubidar member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 



1 55. The ap p ara t us of claim 53, wherein the threaded connection comprises a 

2 pin and box threaded connection. 

1 56. Tlieapparatusof claim 53, wherein the sealing members are positioned 

2 a4jacent to an end portion ofthe threaded connection. 

1 57. The apparatus of claim 53, herein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned acQacoit to an end portion 

4 of the threaded connection. 
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1 58. The apparatus of claim 53, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 
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